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ABSTRACT 
Laboratory and field studies were conducted to characterize phosphorus 
in bottom sediments for retention/detention ponds. The laboratory studies, 
including batch and column experiments, were conducted to assess possible 
removal processes Sediment core samples were collected from detention ponds 
receiving urban runoff. These cores were analyzed for phosphorus at different 
layers including accumulated top sediments and the lower parent soil beneath it 
at a depth of 1, 3 5, IO and greater than 10 cm. The phosphorus accumulation 
rate was found to decline with calculated overflow rates from an average storm . 
Also attenuation of phosphorus with sediment depth followed an exponential 
decline. 
Batch experiments showed a higher adsorption capacity to remove 
phosphorus for top accumulated sediments than the lower parent soil, which is 
consistent with data from field studies showing greater phosphorus in the 
sediments. Phosphorus adsorption can be described by the Freundlich and 
Linear isotherms.. Mass transfer rates varied with phosphorus concentration 
and contact time. A generalized model was developed to predict phosphorus 
removal in column studies. 
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CHAPTER 1 
INTRODUCTION AND OBJECTIVES 
In recent years, the pollution caused by non point storm water runoff has 
been recognized as a serious water quality problem. Many of these contaminants, 
such as metals, nutrients and oxygen consuming matter have been detected. 
Stonnwater management, through the use of ~etention/detention ponds, is 
recognized as an effective and relatively inexpensive method to improve water 
quality if the land is available. Retention/detention pond effectiveness in removing 
contaminants carried in stonnwater runoff is essential if excessive algal growth and 
deterioration of receiving streams are to be avoided. Specifically, phosphorus is 
found to be the nutrient that limits algal productivity in many aquatic systems and 
it has been given considerable attention for its role in the eutrophication process. 
Containment and removal of phosphorus in retention/detention ponds is essential 
to reduce downstream impacts. 
Phosphorus accumulation in bottom sediments have been quantified by 
researchers from the University of Central Florida and data are availabl 1e to 
examine the effectiveness of phosphorus removal and explain some of the possible 
mechanisms responsible for this removal. This study investigates the phosphorus 
2 
re,moval capabilities for study ponds throughout the State of Florida. The principal 
physicochemical mechanisms for phosphorus accumulation in bottom sediments are 
deposition, transport and sorption. Existing models on phosphorus adsorption and 
release will be reviewed and actual experimental data will be used to assess 
sorption parameters. An existing transport model will be utilized to characterize 
attenuation of phosphorus in bottom sediments. 
Phosphorus removal effectiveness will be estimated by a material balance 
and an attempt to correlate between removal effectiveness and drainage basin 
characteristics will be made. Specific objectives for this thesis are as follows: 
I) To determine sorption characteristics of phosphorus by accumulated 
sediments and the parent soil beneath collected from retention/detention ponds 
using batch experiments in the laboratory. 
2) To determine transport characteristics of phosphorus in solution through 
sediment core collected from a retention/detention pond. 
3) To 1examine and correlate between sorption studies from both experiments 
and data collected from column studies. 
4) To analyze existing data on phosphorus accumulation in the ponds located 
throughout the State of Florida and attempt to develop prediction models based on 
basin characteris,tics. 
5) Characterize attenuation of phosphorus through the bottom sediment in 
detention ponds. 
CHAPTER 2 
LITERATURE SURVEY 
Introduction 
This chapter will summarize available information on the characteristics, 
magnitude and estimation procedures of phosphorus content in stormwater 
runoff flowing into retention/detention ponds. It will also present an overview 
of the theory and the models of the phys·cochemical mechanisms related to 
phosphorus accumulation in bottom sediments. 
Phosphorus from Non-point Sources 
Point sources of pollution have been regulated and controlled throughout 
the United States. As a result, nonpoint sources often represent the dominant 
fraction of the remaining surface water pollution problems. Livingston (1989) 
states that stormwater from rural and urban land areas was the primary source 
of pollutant loading to Florida's surface and ground waters. Treatment for the 
pollution generated by stormwater runoff is controlled in the State of Florida by 
the regulatory process through the Department of Environmental Regulation and 
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more recently by the wat1er management districts. Generally, storm water 
treatment in Florida is accomplished through retention/detention (Livingston 
1986).. Stormwater management, through the use of retention/detention ponds, 
is recognized as an effective and relatively inexpensive method to improve 
water quality if the land is available. Recent trends indicate an increase in the 
us·e of wet-detention (designed to maintain a permanent pool) for the treatment 
of stonnwater; approximately 21 percent of the permits issued by the district 
since 1990 have been for wet-detention ponds (Kehoe, 1992). Many deleterious 
ecologicaJl 1changes ( e.g. algae blooms, fish and aquatic-life kills; aesthetic 
losses and others) in receiving water-bodies can be attributed to uncontrolled 
stormwater runoff constituents (e.g. sediment, nutrient, metal, and pesticide 
accumulation ) In particular, phosphorus has been given considerable attention 
because it is usually the prime determinant of eutrophication. Eutrophication is 
the natural response an aging water-body undergoes when subjected to nutrient 
enrichment. Phosphorus is often the major nutrient in the shortest supply 
relative to the nutritional needs of algae and aquatic plants; control of this 
nutrient may assist in controlling or reducing an accelerated eutrophication 
process (O'Keeley, 1973). It is the most effectively controlled nutrient using 
existing engineering technology and land use management {Reckhow et al., 
1980). 
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Considerable attention has been given to quantify the contribution and 
control processes of phosphorus from different land uses. Various sources of 
phosphorus may be considered as natural and may be difficult to control. 
These sources may include drainage from urban areas, runoff from forests and 
pasture lands, return irrigation flows, decaying vegetation and wastes from wild 
animals (Loehr 1974). 
Runoff Quality 
Upon the occurrence of a precipitation event, a portion of the rainfall, 
commonly called rainfall excess becomes runoff from a site and is available for 
on-site storage (Wanielista 1990). Runoff is the volumetric rate at which 
rainfall excess moves off an area. As rainfall flows over the ground, it will 
entrain and transport nutrients. The amount of phosphorus, that is entrained and 
transported is dependent on a number of factors such as watershed 
characteristics, storm frequency storm intensity and duration. 
According to Yousef, et al. (1991),, urban runoff flows and concentrations 
are highly variable and site specific. The amount of pollutants transported by 
stormwater runoff usually varies widely within the same storm event and 
between various storms. Typically, as rain begins to fall, a "scouring" of 
pollutants and surface debris occurs (this is especially evident for areas with a 
high percentage of impervious ground cover). When the initial abstraction and 
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surface storage requirements are met, the runoff contains a "first flush 0 of 
pollutants (measured in terms concentration). This "first flush" generally peaks 
prior to the hydrologic peak. A simplified version of the "first flush" concept 
is illustrated in Figure 2.1. (Whal1en and Cullum, 1988) .. 
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Figure 2.1 Typical Response Curves for Stormwater Runoff Quantity and 
Quality (Adapted from Whalen and Cullum 1988). 
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As one can observe from Figure 2.1, there are large differences and a 
time dependency between maximum and minimum concentrations. This 
demonstrates how misleading it may be to report, for comparative purposes, a 
concentration range and averag1e value for a pollutant from a runoff event. In 
fact, it is possible to have different overall mass loadings for storms at 
different times and places and obtain very similar concentration averages and 
ranges. 
A ow-weighed average the event mean concentration (EMC), for a storm 
event provides a better method to compare individual runoff events. An EMC 
can be determined by dividing the total pollutant mass discharged by the total 
runoff volume discharged. The medium value of an EMC's distribution is a 
way to comparatively analyze site to site constituents. An individual site's 
EMC values are characterized by a log-normal distribution and thus the 
appropriate statistical parameter the median value, is used for comparison 
between different s1 es (Yousef 1991). Median values are less influenced by 
the small number of extreme large and small values typical of log-normal 
distributions. An example of lognormal distribution for instantaneous and 
event-mean concentrations of phosphorus is shown Figure 2.2. Typical values 
for EMCs of phosphorus will be discussed in a later section. 
Although the event mean concentration is appropriate for many 
applications such as comparisons of land use types and site differences, the 
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mass loading is more appropriate when cumulative effects are studied (USEPA-
NURP, 1983). 
Instantaneous 
Concentration (Total P} 
Event Mean 
Concentra.llon (Total P) 
1 10 
CUMULATIVE PROBABIUTY (%) 
100 
Figure 2.2 Log Distribution of Phosphorus EMCs in Stonnwater Runoff 
(Adapted from Driscoll et al., 1990) 
If stormwater is the only significant load contributor to a water-body, the 
mass loading to a water body can be estimated from the multiplication of the 
EMC by the flow volumes. 
Land Use 
The phosphorus in runoff can be extremely div 1erse for various land uses 
as well as being influenced by regional conditions (i.e. rainfall patterns, terrain, 
population, etc). Stormwater runoff can vary drastically from one land use to 
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another. These land differences are usually expressed in terms of water quality 
as well as quantity. Urban and rural are the two major land use classifications 
and they will be discussed below. 
Urban Land Use 
The degree of urbanization is one of the major factors that may caus.e 
differences in stormwater runoff. Living.ston (l 986) states that in r1ecent times 
ur aruz tion as continued o encroach into areas of open lands throughout 
Florida reducing the amount of pervious surfaces and dramatically increasing 
stormwater runoff to surface waters beyond what would be considered natural. 
Site-specific and regional studies indicate significant effects on phosphorus 
export values by urban land uses (USEPA~NURP, 1983). In fact, urban runoff 
pollution and its control have received much attention during the last twenty 
years· many procedures for determination of urban runoff pollution loads were 
reported in the literature (U.S. EPA 1983; Johansen et al., 1985; Huber, 1979; 
Harremoes 1988· Tasker and Driver, 1988; Dicherhoff Delwiche and Haith, 
1983; Uttormark et al. 1974). 
Urbanizaf on causes changes in runoff volume and quality. First, as 
more land use area becomes covered with impervious surfaces (e.g. roads, roof 
tops, parking lots), the infiltration capacity for an area is lowered causing an 
increased percentage of rainfall to become runoff. Urbanization often results in 
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natural channel:s being straightened, deepened, and lined as well as the 
ins,tallation of gutters, storm sewers, and drains. All of th1ese modifications 
lead to increases, in runoff volumes, peak flow rates, and runoff velocities 
(Miller, 1978). The hydrologic effect of urbanization is illustrated in the 
comparison of two hydr1ographs in Figure 2.3. 
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Figure 2.3. Typical Pre and Post Urban Hydrological Effects on Discharg1e 
Relationships. 
The S1econd effect of urbanization deals with the quality of stormwater 
runoff. The sources of phosphorus due to urbanization include sewage,, 
industrial activities, fertilizers and erodin,g soil, among others. Large amounts 
11 
of phosphorus generated by various urban activities are deposited on the 
watershed and become potential stormwater contaminants. Factors influencing 
material build-up on impervious surfaces include surrounding land use., local 
traffic volume and character traffic surface type and condition, public works 
practices and season (Sartor and Boyd, 1972)., Furthermore, the amount of 
phosphorus existing on a given site is largely dependent on the particular land 
use the length of time since the last rainfall and frequency of cleaning (either 
by sweeping or substantial rainfall). 
A literature survey of studies on runoff quality, including data from the 
National Urban Runoff Program (NURP)(USEPA-NURP, 1983; Whalen and 
Cullum , 1988) conducted throughout the United States has been performed. 
Stormwater runoff monitoring studies reported by SFWMD were grouped into 
five major categories as follows: 
1. residential 
2. 
3. 
4. 
5 
commercial 
roadway 
industrial, and 
mixed urban 
Selected studies have been summarized in Table 2.1 and 2.2, and 
depending on the study phosphorus quantities are reported as EMC's, discrete 
concentrations, or reported loadings (Table 2.1 and 2.2). Studies which have 
been performed in Florida are duly noted. 
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TABLE2.2 
PHOSPHORUS CONCENTRATIONS AND LOADING VALUES FROM VARIOUS LAND USES 
PARAMETER 
CONCENTRATION/ 
LOADING (RANGE) 
0.3 mg/l 
0.2 mg/I 
O.J mg/I 
0.2 mgll 
1. 94 kg/ha-yr 
2.90 glha-yr 
2.54 kg/ha-
0.121 kglha·yr 
0 .121 kglha-yr 
0 .242 glba-
0.083 glba-yr 
0 .08 kg/ha-yr 
0.308 g/ha-yr (0.03-1.35) 
0 . 19 glha-yr (O.OJ ·l. 74) 
0 . 3 l kg/ha-yr 
0.5 kglha-yr 
0 27 kg/ha-
0.66 kg/ha-yr 
0.51 kg/ha-yr 
0.68 kg/ha-yr 
0.35 k,glha-yr 
2 glh.a-yr 
2.7 kg/ha-yr 
0.5 kg/ha-yr 
I.OS kg/ha-yr 
0.2 kglha-yr 
0 . 1 kg!ha-yr 
0. 4 kg/ha-yr 
0.78 kg/ha-yr 
0. 70 kg.Iha-yr 
1.85 kg/ha-yr 
LAND USE TYPE 
Pasture 
Ha fields 
Small grain fields 
Com fields 
ResidentiaJ 
Commercial 
Pa.stwc 
Flatwoods 
Range 
s p 
Forest 
Forest 
Agricultural 
Agriru.I turaJ 
Coastal 
Urban 
Rural agriculrural 
Rural non-agriculrural 
Florida State a erage 
Highway 
Oomm rdaJ 
Urban 
Commercial 
Pasture 
Culi ated 
Citrus 
Woodland 
Wetlands 
Golf course 
Highwa 
Residential 
•
0 Wanieli1ta and Yousef (1993), pg.137 
LOCATION REFERENCES 
Orlando 
Orlando 
Orlando 
Orlando 
Orlando 
Orlando 
us 
us 
us cast 
US west 
Haith and Tubbs 1981 
Haith and Tubbs,.1981 
Haith and Tubbs, 1'981 
Haith and Tubbs 1'981 
OUSWMl\1 pg. 108 
OUSWtviM pg. 108 
OUSWMlvl pg. 108 
OUSWMlvi pg. 108 
OUSWJvlM pg. 108 
OUSWhdM pg. 108 
Omeric~ 197 7 
Syl ester, 1961 
Omeri~19'77 
Omeric , l 977 
B rcz.oini.k et al.. I 9,8 J 
Brezonik et al., 1981 
Brezonik et al., 1981 
Brezonilc et al.~ 1981 
Brezonik ,et aJ.? 1981 
Miller and Matuaw 1982 
Miller and Mattraw 1982 
••• 
••• 
••• 
••• 
••• 
••• 
••• 
••• 
••• 
••• 
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Rural Land Use 
Rural land phosphorus contributions originate from wastes of wildlife, 
leaf pollen and plant residue decay, applied nutrients, herbicides and 
pesticides organic matter originally in soil and wastes from pastuf'led animals 
(Loehr 1974). 
Different types of agncultural lands such as crops, forests, ranges, 
pastures and high animal density areas, are potential phosphorus contributors. 
Topography plays an import nt role in the quantity and quality of runoff from 
rural lands . Vegetation on rural lands is an important factor in controlling the 
rate of runoff erosion and subsequent phosphorus leaching. Depending on the 
type of vegetation which covers an area the amount of disturbance caused from 
rainfall impac energy greatly influences erosion characteristics. Usually, 
vegetation ge p ys a role in the canopy size and the larger the canopy the less 
the soil is disrupted. 
Sandy I gravel type soils have a high infiltration rate capacity, a low 
cation capacity content and also do not erode easily· thus, phosphorus export is 
low in comparison to clay and organic soils. Beek (1978) suggests that any 
phosphorus that appears in soil solution either from fertilizer or from the 
decomposition of organic matter, usually become attached as a phosphate 
complex or metal phosphate to soil clay minerals. However as with many 
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Florida sandy soils, phosphorus has a low affinity for the soil. Thus subsequent 
available phosphorus runoff is higher. 
The EPA conducted a study (Reckhow, et al., 1980) predicting the 
impact of projected land use changes. It was necessary to extrapolate from 
other points in time and space the phosphorus export coefficients. These 
coefficients were collected nationwide to represent the mass loadings of 
phosphorus from rural lands. Reckhow (1980) conducted a study to quantify 
the relationship betw en land use and lake trophic quality and developed a 
useful graph· cal technique called the box plot. The box plot was used in the 
EPA study for d'splaying this data (Figure 2.4). 
Th· s ec 1 • que is b sed on order statistics (ordering the data points from 
low to high value and the plot itself is constructed from five values from the 
order d dat se . These val s are ( l) the median· (2) the minimum value; (3) 
the maximum valu · (4) th 
five percentile value. 
enty-five percentile value· and (5) the seventy-
Phosphorus Loadings Estimation Methods For Mixed Land-Uses 
Weighted Average Method 
Shahane (1982) provided a study to estimate pre and post-development 
nonpoint water quality loadings in the Florida area.. Shahane found that the 
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75% median 25~ 
'";;_. ~-............. ..-----------t Ufl8M4 l -:---r . min ~ '---~~------- ---c-
MIXED AGRJC. 
NOH ROW CROPS 
ROW CROPS 
'PASTURE E 
0 
r.i 
PHOSPHORUS LOADING (KG/HA-YR) 
Figure 2.4 Statistical Box Plot Representation of Phosphorus Export Values 
(Adapted from Reckhow, et al 1980) 
best method to estimate nonpo'· nt source phosphorus from a mixed land use was 
to calculate loading by a weighted average. The method to calculate an overall 
weighted average loading from a watershed was determined by the summation 
of the quantities from multiplying the fraction of each particular land use area 
by the typical loading quantity for that particular type of land use. As follows: 
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A· = A.* LU. J ~ J 
Li = Total loading for constituent,i, from all land uses G = 1, n) 
Eij = Export coefficient from land use j, for constituent i 
Aj = Area of total watershed A1 for land use j 
LUj = fractional aJue of total land, A., with land use j and export coefficient 
£ .. IJ 
In this research phosphorus water quality loadings from many studies of 
various land uses were provided (Table 2.3). 
TABLE 2.3 
P OSP ORUS LOADrNG FOR STORM WATER FROM ELEVEN 
DIFFERENT LAND USES IN FLORIDA 
LAND USE 
Residential 
Commercial 
Hi,gbway Area 
Multifamily Residential 
Fresh Water Swamp 
Flatwood Rangeland 
lmprov,ed Pasture 
Urban 
Pasture 
Cultivated 
Woodland 
(Shahan 1982) 
TOTAL P (lbs/ac/yr) REFERENCE 
0.192 
0.616 
0.105 
2.68 
0.22 
0.14 
1.03 
1.76 
0.265 
0.926 
0.088 
Mattraw, et al., 1978; Mattraw, et al., 1981 
Mmer~ et al., 1978'; Mattraw, et al., 1981 
Hardee, et al., 1979a; Mattraw, et al., 1981 
He.aney, et al., 1976 
Black, Crow and Eidsness, Inc., 1977a~ b, c 
Black, Crow and Eidsness, Inc., 1977a, b, c 
Black, Cmw and Eidsness, Inc . , 1917a, b, c 
Wanielis~ et aJ., 1977 
Wani1elista, et al., 1977 
W anielista, et al . . , 1977 
Wanielista, et al., 1977 
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Phosphorus in Aguatic Systems 
The nonpo"nt source ,contribution values, for phosphorus in runoff from 
various land-use types ar1e identified and present1ed above. Several have been 
used and stated by different investigations. The result of continuous loading 
from arious Ian uses via runoff is an appreciable accumulation of phosphorus 
in tbe bottom s,ediment of receiving water bodies. Bottom sediments retain 
phosphorus if e right conditions exists (i.e. pH, redox potential, etc.) in the 
overly"ng w er- however phosphorus may be released back to solution and 
cause e ophication problems (Foy 1985). In order to understand the behavior 
of phos horus in h o tom sediments, this section will include 1) phosphorus 
specia ·on and sedit en interaction 2) phosphorus sorption in sediments; 3) 
modeling hosph ru ccumulation and transport in sediments 4) phosphorus 
.removal and accumulation in detention ponds. 
Phosphorus Speciation and Sediment Interaction 
The following section is intended to simplify and provide the more 
important pho phorus pathways for a better understanding of the phosphorus 
s,ediment interactions~ In order to understand phosphorus-sediment interactions, 
the various forms of phosphorus found in runoff and soils should be identified. 
Phosphorus m runoff occurs in both particulate and dissolved forms. 
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Particulate phosphorus forms include organically bound, adsorbed organic,, 
precipitates and minerals,. Dissolved forms include orthophosphates, organic 
polyphosphates and other organic compounds. Upon entering a water body 
phosphorus enters a very complex cycle and may tak,e many forms of the 
phosphate species. Whole-lake budgets have been established and mathematical 
models have been developed o describe and predict phosphorus fluxes within 
water-bodies (Rekhow 1980) However recent work on conceptual models 
e.g. Vo I nweider 1975· Di on and Rigler, 1975; and Reckhow,1980) revealed 
that further quantifica on on the various phosphorus fluxes within a water-body 
are necessary for better management of water quality. 
Organically bound phosphorus will be brought into land surrounded 
waters in soluble form and in partially and undecomposed vegetable and animal 
material. Orga · c soluble and msoluhle forms occur in microbial tissue, 
organic wastes plant residues and metabolic by-products from living 
orgamsms. Inorganic soluble and insoluble forms exist as condensed 
phosphates largely manmade for use in detergents, water treatment, fertiliz1ers, 
and so forth and as orthophosphates (i.e. H2P04-, HPQ4-2 ) from soil complexes. 
The most important species of phosphorus in natural waters occur solely in 
ionic ~arm of phosphate. Phosphate may be removed by sediments, plants and 
biota* It is required far· the production of ATP and for nucleic acid synthesis. 
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Metabolic and geochemical phosphate cydes may describe the 
complexity of phosphorus interactions, in aquatic systems. The first cycle 
summarizes the metabolic aspects, the second is a geochemical cycle (see 
Figure 2 .. 5). 
Organic 
Phosphorus 
Algal Phosphorus 
I 
Mineraliza ion 
Bottom Sedimen s 
P04-P } DISSOLVED FORMS 
Figure 2.5 Metabolic and Geochem1caJ Cycles (Adapted from Golterman, 1973) 
Processe in the metabolic pathway are normally biochemical. The 
dissolved phosphates in the, water column are usually at a relativ1ely uniform 
concentration, however this is counteracted by the various processes in 
formation of particulate phosphate compounds. Such compounds are either 
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soluble organic or inorganic. The dissolved phosphates undergo microbial 
synthesis (immobilization) to form organic phosphorus compounds. Organisms 
with incorporated phosphorus eventually die and settle down to the bottom 
sediments. Dissolved phosphates also may be adsorbed (adsorption) out of 
solution by the bottom sediments or may contact dissociated cations in solution 
and settle out (precipitation) of the water column. When insoluble 
concentra ·ons are high and depending on the pH and redox values they may 
sink to the bottom. 
In e geochem1cal c cle organic soluble and insoluble forms may 
evolve · n th sedimen s by the benthic community or may have settled out of 
the overlyin at r Upon s lub 1iza on the orthophosphorus as well as that 
which is mobdiz d into organic p osphates from decomposing organic 
particul te m tt r by microorganis s i the total source to the overlying water. 
The amount of bioava.il bl phosphorus is usually larger in deposited sediments 
than in suspended sediments phosphorus entrapped in bottom sediments was 
found to have a higher r tention if the pH is between 5 and 7 (Kramer et al., 
1972). The sedimentation processes eventually contribute to dissolved 
phosphates in he water calm n upon microb ·al decomposition (mineralization) 
of dead algal cells. Also dissolved phosphates are in equilibrium with the 
various metals usually present in the soil. As Ku (1978) suggests the 
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contribution of phosphates from the soil is a direct response to the governing 
equihbna. 
Beek (1976) suggests that evidence leads to conclude that the most 
important metal-ions responsible for the binding and release of phosphates in 
soils are Ca Al and Fe. Insoluble phosphates like those complexed with Ca, 
Fe and Al not only occur in soils but also in a water column from 
miner , lizmg algal cells. Ex ens· ve research has been done (Furamai and 
Ohg 1986 987 1988 and 1989) on the quantification of the relationships 
between pH redox and degre,e of anaerobiosis on phosphorus sorption in 
sediments. 
In bottom s diments phosphorus is dissolved in porewater and bound to 
inorganic nd or rue particula e matter. Porewater phosphorus is more mobile 
than p ·culate hosphorus and may be transported to the overlying water by 
diffusion bioturbation mi · ng and flow of groundwater (Syers et. al. I 973). If 
porewater m shallow sedim nts is an important source of phosphorus the 
porewater may be correlated to the overlying concentration. Laboratory cor,e 
incubations and field s udies suggest the potential for such a correlation (Shaw, 
1990). The mass of porewater phosphorus is small compared to that 
phosphorus fraction in sediments. The efore the exchange phosphorus between 
porewater and particulate sediments is required to sustain phosphorus release 
from pore water. 
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The relative proportion of particulate organic and inorganic forms of 
phosphate varies widely in soils. Generally, organic phosphates increases and 
decreases with the content of organic matter and hence is comparatively low in 
subsoils and high in surface soils (Beek, 1976) 
Phosphorus Retention in Soils 
Phosp orus forms ·n solu ·on in eract with the adjacent bottom sediments. 
Prior to decom osi io or ni.c particulate forms of phosphorus are strongly 
re ·ned · oils and do not r di y migrate. Bohn et. al. (1985) theorizes that 
phospho s in organic matt r particulate and soluble forms is strongly retained 
in soils due to pol · y and charge differences between porewater, and organic 
compo nds. Li phosphates from inorganic and organic forms is only a 
small fr c ·on of the to phosphorus in the so· . Nevertheless it is this 
fraction n 1 h · soil sol1 ion om hich any leaching loss of phosphorus occurs. 
Howe er phosphat anions ar largely retained in soils through specific 
adsorption and precipit ·on reactions (Loehr 1976). Eventhough it has been 
studied extensively it is till impossible to accurately separate the relative 
influences of the processes of adsorption and precipitation and describe their 
interactions (Sanchez and Vehara 1980). Differention between the two 
processes is. beyond the scope of this study as long as they can be accurately 
combined and modeled together as removal from the liquid to the solid phase. 
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Adsorption isotherms have been developed to describe the relationship 
between the quantity of phosphorus held in soil and that remaining in solution 
(Hwang 1et al. 1976· F"tter and Sutton, 1975; Rajan et al.., 1976; Veith et al., 
1977). There are several mechanisms involved in the sorption process, such as 
chemisorption and physical adsorption. The term 0 adsorption isotherm" will be 
used here to r present the otality of processes acting to establish equilibrium. 
The sorptivie c pacity or a sorben for a solute tends to increase as the solution 
concentra ·on o solu e · n r a es. Desorption is the reverse process of 
adsorption r by the s,olut r leas s from the sorbent surface. 
Bottom 1edim1 nts · · I not always have the ability to adsorb phosphorus. 
When cone ntr on in t o dying water is lower than that which 
mamtains th uilibriu cone ntra ·on · n the soil the adsorption process is 
revers d nd phosphorus is d sorbe ·n o the water column .. 
Ther are ny m th atical odels which have been utilized in the 
literature to develo isotherms descri ing the adsorption-desorption process 
under equilibrium conditions. 
The si ples form of equilibrium sorption isotherms is given by the a 
linear relationship: 
X/M = ~C (2-1) 
where: X/M = mass of adsorbate (P) per mass of adsorbent rng/g 
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~ = distribution coefficient, l/ g 
Ce - equilibrium concentration of solute, mg/I 
The distribution coef cient is actually a measure of the soils 
retentiveness ov1er a distnbution of solute concentrations. Overman, et al. 
(1976) utiljz d the dis ·bution coefficient assuming a linear adsorption, in 
their s dy of phosphorus transport through a packed bed reactor of soil. 
The Freu lich ·so r _ is defined by the nonlinear relationship: 
=the 
- e 
I =KC 110 
ss of sol t dsorbed mg 
ss. of adsorbent g 
on ons ants 
(2-2) 
C = th quilibrium concentration of solute mg/I 
This empirical equation usually applies for a wide range of phosphorus 
concentrations and large amounts of adsorbed phosphorus. 
Shayan and Davey (1978) have introduced a modification of the 
Freundlich equation. They observed that many empirical phosphate sorption 
isotherms become linear for high concentrations of phosphate in the liquid 
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phase (I o-4 to S*l Q-4 M P). Thus they proposed the relationship of the form 
X/M = aC + (X/M)i for concentrations C above some critical concentration 
Cc ( (X/M)i is the intercept on the adsorption axis and a is the slope of the 
linear portion). If the aC is subtracted from every X/M and the results plotted 
once again ( X/M - aC as the new Y axis values) a "corrected" isotherm 
results. For concentrations C less than the critical concentration Cc, they 
proposed the relationship: 
XIM = aC + C 11n 
From the "corrected isotherm where the values of X/M - aC are the new y-
axis values the val es less than Cc follow the modified Freundlich equation: 
XIM - aC = c 11n 
To determine the critical concentration Cc, notice that at C =Cc the two 
equations become equal so that (X/M)i = KCc Jin and the critical conc,entration is 
defined as Cc=((X/M)/K) 0 • Shayan and Davey found that the phosphate 
adsorption by fifteen different soils (found in England) could be described over 
a wide range of concentrations by this class of isotherms. 
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Furumai {1988) utilized the Langmuir type kinetics to quantify the exchange 
rates Ka and Kb (adsorption and desorption, respectively ), between the liquid 
phase and solid phase, at various pHs under aerobic conditions. The reaction 
betwieen adsorption and desorption conformed to Lan,gmuir type kinetic 
equation as follows with typical values of adsorption and desorption in Table 
2.4· 
- dC/d = KaC[l-((X/M)(l/Km))] - Kd[(X/M)(l/Km)] 
TABLE 2.4 
RATE CONSTANTS OF LANGMUIR RATE EQUATION 
UNDER VARIOUS pHs 
(Furumai 1988) 
pH Ka Kd 
(llhr) (mg/L-h) 
5 8.44 2.16 
6 14 9 l.52 
7 10.5 l.7'9 
8 3.4 l. 195 
9 0.95 0.i61 
At steady state (dC/dt=O) and letting b = Ka/Kb, the standard form of 
the Langmuir isotherm is developed from the Langmuir kinetic equation: 
X/M == }(,., *b*C/(1 +b*CJ (2-3) 
where: 
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X = the mass of solute adsorbed, mg 
M = the mass of adsorbent, g 
~ = the maximum value of XJM as Ce 
increases, mg/g 
b = adsorption bonding energy constant (Ka/Kb) 
Ce = the equilibrium concentration of solute, mg/1 
Ka and Kb = rate constants for adsorption, 1 /hr and 
desorption mg/I-hr respectively. 
As s t d e F eundli h eq ation usually applies for a wide range of 
phosp o s cone n ations and large mounts of adsorbed phosphorus. In 
con L n m dsorption 1so herm has been used extensively in the 
rption of solutes by the soil for relatively smaller 
a oun s o so bed osphorus mor d. ute phosphorus equilibrium 
conce tr · n_. Th major ad an age of the Langmuir over the Freundlich 
equation is that an dsorption m, ximum can be calculated, Kro. 
The La gmmr isotherm has also been used by Olsen and Watanabe 
(1957) Rennie and Mckercher (1959) Obihara and Russel (1972), Rajan and 
Watkinson (1976) and others to describe phosphorus sorption by soil. Enfield 
and Bledsoe (1975) and Novak et al. (1975) used the Langmuir isotherm to 
model the movement of phosphorus through soils resulting from the renovation 
of waste water by a land application treatment system. 
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After Iinearization of the Langmuir isotenn the resultant form is: 
C/(X/M) = (J~b) + (C/K.n) 
It can be seen that a plot of C/(X/M) against Ce should give a stratght 
line of slope 1~. Soil phosphate data obtained by Olsen and Watanabe (1957) 
indicate that the plot of Cj(XlM) against Ce 1s not a straight line over a wide 
range of concentratJons. One explanation of this is that the energy of 
adsorptJon is not constant. 
Many investigators have reported a fas initial adsorption step followed 
by a slower reaction step (Probert and Larsen 1972; Chen et al., 1973.; Kuo 
and Lotse 197 4 · and Saed 1978). These are further described as an 
adsorption and a precipita ·on process (Hsu and Rennie, 1962· BaUeaux and 
Peaslee 1975 and Veith and Sposito 1977). Seve~al authors (Bache, 1964; 
McLaughlin et al. 1977·, and Ryden et al. 1977) solve this problem by 
applying three distinct Langmuir equations to describe the overall isotherms for 
phosphate sorption. This is based on the theory of three stages of sorption 
depending on the concentration range. The stages are termed as a high-energy 
chemisorption precipitation and a low-energy (physical) sorption. Bache and 
Williams (1971) point out that for the data obtained by Olsen and Watanabe 
(1957), the relationship between the energy of adsorption of phosphorus by soil 
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and the surface coverage is almost linear. They therefore propose that an 
adsorption isotherm of the form: 
ln Ce = Kl + K2(X/M) 
which they term the "Temkin equation .. , might be more appropriate for 
describing phosphate sorption by soil,. as it gives a linear plot over a wider 
concentration range than the usual Langmuir equation. The experimental data 
obtained by Olsen and Watanabe (1957) show a satisfactory fit by a sorption 
iso 1 rm of this form . 
. n a di erent a empt to account for the degree of curvature in the plot of 
Cj ag ·nst Ce Gunary 1970) did a least-squares fit of several dif£erent 
equ tions to th data for phosphate s.orptlon on 24 different soils obtained by 
L sen e al I · 65) e concluded that the best fit was given by the equation: 
C/ /M) = K1 + Ki*Ce + K3*Ce·5 
where K 1 K2 and are constants No theoretical foundation for this was 
given but the author suggested that the inclusion of the square root term in the 
equation could be taken to imply that the soil will sorb a little phosphate firmly 
(or fas,t), a slightly greater amount of phosphate less firmly (or slower), and so 
on until a limiting value is reached when all components of the phosphate 
sorption system ar,e saturated. 
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Hunter and Alexander (1963), Fitter and Sutton (1975), and White and 
Taylor (1977) fit phosphorus sorption data for soils to the Freundlich adsorption 
isotherm. 
Hwang et al. (1976) also fit adsorption data for phosphorus and 
composite lake sediment samples· the adsorptive behavior of the composite lake 
sediment sample fits the Freundlich adsorption equation X/M = 0.205Ce0 ·618 
(Figure 2 ~ 6). Hwang inves ·gated the differences in adsorption between 
different sediment fractions and also between different hatch reactor shaker 
oscillations (50 and 150 oscillations/min). 
Sediments were collected from Blackstrap Lake Minnesota using an 
Ekman dredg1e. The sediments were general y less, than 2.54 cm and wer1e 
mixed thoroughly to make composite samples which were mixed with distilled 
water and then separated into > 50 50 to 20 20 to 5, 5 to 2 2 to . 2 and < .2 
um fractions. The perc·entages of thiese different fractions were 27.4, 31..3, 
11.3, 3.2 12 4 and 14.4 respectively. The experiment used was a batch 
system in which 300 ml bottles were fixed to a gyration shaker. Inorganic 
phosphorus solution was prepared by KH2P04 as a adsorbate. One gram of 
s1ediment dry weight was introduced into the bottle containing 1 OOml of 
solution. The samples were filtered through a 3 um membrane filter to 
remove turbidity. The analytical method used to determine the inorganic 
phosphorus content was the stannous chloride method. 
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F GURE 2.6 Lo arithrn1c plotting of XIM and Ce of a composite sediment 
Sample (Adapted fr m Hwang et al. 1976) 
The expe ·mental conclusions reached by this investigation are: 
1) The quantity of inorganic phosphorus adsorbed by the composite sediment 
increases with increasing initial P solute co centration. 
2) The adsorptive behavior of the composite sample fits the Freundlich 
adsorption equation X/M = 0.205Ce0·618 • 
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3) The best adsorption efficiency is at the size fractions of 5 to 2 um. Generally 
the finer he partide size, is the higher the adsorption potential. 
Bahl et al. (1986) s,tudied phosphorus adsorption on four types of soils and 
found significant correlation 1coefficients (R) with values of 0.987, 0.968, 0.937 
and 0. 947 for sandy loam, silty clay loam silt loam,, and loamy sand, 
respectively. The initial concentrations were 4.0, 8.0, 16.0, 30.0, 40.0, .50.0 
mgP/l with a soil solution ratio of I :5 usin,g 5 grams of soil. The Freundlich 
constants ar1e shown below in, Table 2 5. 
The values for lln are similiar to those found by Logan {1985) which ranged 
from 0 4 - 0.8. 
TABLE 2 .5 
FRENDLICH ADSORPTION CONST ANTS 
(Bahl et al, I 19861) 
SOIL TYPE K (mg/g) l/n 
Sandy Loam 0.0159 0.64 
Silty Clay Loam 0.0158 0.91 
Silt Loam 0~0331 0.54 
Loamy Sand 0,.0~,63 0.46' 
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Phosphorus Accumulation and Transport 
In detention ponds soluble and particulate phosphorus in the overlying water 
interacts with the bottom sediments.. Particulate phosphorus entering a pond 
can be suspended in the water column or may settle to the bottom sediments 
and eventual y buried in the deep sediments .. Soluble phosphorus are removed 
from the pond water to the bottom sediments by physical, chemical, and 
biological processes within the pond. However" each process of the 
phosphorus-sedimen in eractton can be combined to form a complicated 
kinetic equation for phosphorus transport. Nevertheless an attempt has been 
made by Charpa (1983) to describe the transport of phosphorus through 
uniform soil w1 co 1 stant porosity ( assuming compaction is neglected in 
surficial sediments) Charpa d veloped and modified a transport model to 
predict the attenuation of cons · tuents which associate with the soluble and 
particulate forms. This model combines sediment-phosphorus interactions such 
as deposition diffusion adsorp ·on desorption and decay. 
One of the most utilized ,equations to describe the process of sorption 
kinetics of P in soils (Travis et al. 1981) is 
d(X/M)/dt = k 1 nip C - k2 S (2-4) 
where: 
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X/M = is the P sorbed by the soil, mg Plg dry sediment 
C = is the conoentration of solute in the soil solution, 
mg P/l 
n = is the porosity 
p - is the soil bulk: density of gram dry sediment, g/l 
1 k2 = are the adsorption and desorption rate 
constants respectively. 
This equation assumes hat the rate of solute sorption by the soil matrix is 
r lat d o the differ nc b twe n what can be adsorbed at some concentration 
a wh y been dsor d. Among those who have used this 
equa ·an to descri h mo men of phosphorus through soil are Cho et al. 
(1970) Enfield (1974 1 Griffin nd Jurinak (1974) Enfield and Bledsoe (1975). 
In additio m ny equa · ons such as Equation 2-4 above have been 
substituted to describe the sorption term. Another equation includes an 
empirical equation by Enfield (1974)· 
d(X/M)/dt = aCb'(X/M)d (2-5) 
When considenng phosphate adsorption as a significant removal process 
it is not only important to know how much phosphorus will react with the soil 
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but also how fast the removal reaction will occur. This removal rate can be 
assessed at various concentrations if a detailed data collection is performed 
during the generation of adsorption · sotherms. This transient state has been 
investigated with a number of kinetic equations successfully by a number of 
investigators describing kinetics (Griffin and Jumak 1974, Enfield 1974, Kuo 
and Lotse 1974). The adsorption of phosphorus could be described by the two-
constan kine ·c equation developed by Kuo and Lotse (1974). This equation is: 
X/M =KC t 11m 0 (2-6) 
Accordm to uo and Lotse if the X data 1s plotted against tim1e on x-axis and 
In addi ·on to the sorption processes described above Charpa (1983) 
proposed a o e-dim nsional equation to describe deposition of a pollutant 
assoc· at d with the sediment particulate form in the vertical direction as 
follows: 
ds/dt = -v ds/dx 
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s = concentration of pollutant associated with the sediment, 
mg/kg 
v = the burial velocity or deposition rate of solid matter, 
cm/yr 
x = the vertical depth direction, cm 
t = time yr 
Sloat (1990) has shown that tbe deposition rat1e of particulate matter, in 
nine d1fferrent de ention pond throughout the state of Florida, from nonpoint 
source runoff is a function of the pond surface area to drainage area ratio 
(SA/DA). The sediment accumulation rate declines with the SA/DA ratio . 
Sloat measured the top layers of accumulated bottom sediments above parent 
soils in the nine ponds and estimated the deposition rates to be from 1.0 to 4.2 
cm/yr .. 
The model for pollutant attenuation developed by Charpa is based on the 
mass balance of particulate and soluble forms in the bottom sediments. In a 
general sense the accumulation of phosphorus in a discrete volume for each 
forms can be described by: 
Accumulation rate = Phosphorus in - Phosphorus out + Reaction 
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In the soluble form the phosphorus accumulation involves dispersion in 
and out of the discrete pore water volume, adsorpton/desorption reactions,, 
decay of particulate forms, biological uptake and rdease. The particulate form 
accumul tion results from net flux decay and particle formation, and sorption 
reactions. To accommodate the application of this model through soil with 
constant porosity the following assumptions are stipulated: 
1. St dy-s a e condi · ons ar chieved such as uniform rate of sediment 
dep si on and uniform ediment compaction (uniform porosity); 
2. Phosphorus transport · s o erwhelmingly in the vertical direction; 
3. The sechment is saturated with the pond water 
4. Dec y r, t f partic I t pho horus fol ows first order kinetics; 
5. Ov r a long erm the deposition and rel1 ase rates are constant without 
eason effects 
The following equation by Charpa (1983) is suggested to model the 
transport of particulate phosphorus in bottom sediments: 
where: 
dS((l-n.Jp )ldt = -v(l-nJp*dS/dx-
~e *(1-nJp*S + ~d*(l-n.Jp*C - k(l-nJp*S 
nx = porosity at the depth x (cm) in the sediment 
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Px = density of the sediments, g/cm3 
S = concentration of P in the solid phase, ug/ g 
v = sedimentation or deposition rate, cm/yr 
1'te =phosphorus desorption rate, 1 /yr 
d =phosphorus adsorption rate" 1/yr 
k = phosphorus attenuation rate, l/yr 
x = depth, cm 
t - tim yr 
Charpa modified the same model to describe the phosphorus transport in 
the soJub e form C is cone ntration in soluble form, rng/l) through the pore 
volume within the volume element of sediment: 
dC n /dt = - *n* dC/dx + (d n*DJ/dx)*(dC/dx) 
- d* 1-n *p*C + *(1-n) *p S - k*n,. *C 
where: Dx = dispersion co fficient of non-sorptive substance through the por,e 
water within the sediment cm2/yr. 
In a steady state condition equilibrium is reached between the soluble and 
particulate concentrations thus the two equations can be added through the 
adsorption desorption variables. By adding the soluble phosphorus transport 
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equation to the particulate phosphorus transport equation an equation for the 
transport of total phosphorus is developed· 
dS((l ... nx)p)/dt + d(nx *C)/dt = - v(l-nJp*dS/dx - k(l-njp*S 
- v*nx *(dC/dx) + (d(nx *DJ/dx)*(dC/dx) -k*nx *C 
w en C1 - n1 C + (1-nJp*S and S = Kci C 
Change in concentration of phosphorus in the pore water with time can 
be repres nted a form of ·c s _aw: 
dC/dt = - *(dC/d ) + [ n._ D/(nx+1'.*p(l-nJ)] * d2C/ dx2 - k*C" 
or 
dC /dt = - *(dC /dx) + D'*d2C I dx2 - k*C 
- l l l t 
here D = [ nx*DJ(nx+~*p(l-nJ)] 
Ho ev1e if the dispersion t rm is considered negligible, in a 
circumstance that the substanc associates overwhelmingly with the solid phase, 
the di persion coefficient is equal to zero. The transport equation becomes: 
ds/dt = -v ds/dx - k*S 
42 
under steady state conditions the so ution of the equation is: 
S = So exp [(-klv) x] (2-7) 
This equation may be used o predict transport of phosphorus through bottom 
sedim1ents. 
Phosphorus Accumula ion in Ret1ention Ponds 
D ten · on/r t n ·on p nds an provide good removal efficiencies for 
utri n s such s hosp orus throug sedimentation, vegetation uptake and other 
physical and biologic proces es E entually phosphorus in the water column 
ou in ottom edi nts both s precipitated forms incorporated into 
org nic and inorg nic co o d . Yo s f et al ( l 986b) investigated nutdents 
under difti r nt con.di ion (i.e. erobic and anaerobic) in bottom sods of two 
retention ponds receiving hi h y runoff in Orange County. The two sites 
were loc ted at the · t1 nd In rchange and Interstate 4 and the EPCOT 
lntercha ge and In erstate 4. The dramage area and pond surface area are 19.8 
and 1.2 ha respectively for the Maitland site and 8.3 and 1.4 ha, respectively, 
for the EPCOT site. The EPCOT pond was approximately 1 year old and the 
Maitland pond was 7 years old at the time of the study. Average characteristics 
of bottom sediments for each pond is shown in Table 2.6. The top one 
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centimeter hows significa tly higher phosphorus content than the soil beneath 
it. Generally each sod layer shows a larger amount of sorbed phosphorus than 
the underlying layer. 
TABLE 2.6 
CONCENTRA TIO S OF PHOSPHORUS IN RETENTION POND 
BOTIOM SEDIMENTS RECEIVING ffiGHWAY RUNOFF 
(Yo ef, et al., 1986b) 
DEPTH 
LOCATION cm) 
MAITl..AND 0-1 
EPCOT 
i-3.S 
3.S-6.0 
6.0-8.S 
0-1 
1-3.S 
3 . 5-0 0 
6.0-8.5 
8.5-13.0 
co I CENTRA TION 
(mg/gm dry wt.) 
MEAN 
S210 
2840 
2000 
1850 
1SS9 
981 
810 
874 
859 
Fillos (1976) Suggests that maintaining aerobic conditions at that 
sediment water interface usually results in the decline of soluble phosphorus due 
to adsorption by sediments. Yousef iet aL (l 986b) conducted tests on retention 
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pond sediments phosphorus release and uptake under aerobic and anaerobic 
conditions. They found that in their study two-thirds of the incoming 
orthophosphorus could be removed within one week and se-diments may be 
responsible for 80 % of the removaJ rate. The calculated average removal rate 
was estimated as 18.9 mg P/m2-day for orthophosphorus and 20.5 mg/m2-day 
under aerobic condi · o s. Reddy (1983) found that areal removal rates for a 
reten ·an pond were between 0.60 to 1.04 mg P/m2-day 
It as observed that more than ninety percent of the average 
concentration of orthophospho s were effectively removed; during a particular 
rain event the Maitland pond's OP concentration increased to 130 ug P /1 
following two heavy rain events and within approximately three days it was 
reduced to 10 ug P/l. The measure ents of the redox potential (Eh) profiles, 
ith values of 300-500 m indicated that the top layer 0.5 cm thick was 
aerob· c (oxidized) The average runoff concentrations and pond concentrations 
of orthophosphorus and total phosphorus respectively, was .07 and .170; .004 
and .033 mg P/l. The removal was 94 percent for orthophosphorus and 81 
percen for total phosphorus. 
Chemical adsorption and biological uptake in pond sediments play an 
important role in phosphorus removal. Phosphorus removal by chemical 
biological and physical processes may be enhanced if the retention time is 
increased (Yousef et al. 1986b). The data from the NURP study (U.S. EPA, 
45 
I 983) suggests that wet detention pond penormance is ,expected to improve as 
the mean flow rate divided by the pond surface area decreased, and as the basin 
volume divided by the mean runoff volume (Vb/Vr) increased. Water quality 
data from vanous storm, ev,ents indicates the higher the ratio of Vb/VI"'' the 
greater the average annual percent mass removal of phosphorus. A schematic 
Jiepresenting phosphorus r iemoval efficiency as a function of V b!V r was 
dev1eloped by Yousef et al . ( 1990), Figure 2. 7. 
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Figure 2. 7 Removal of Phosphorus in Detention Pnnds 
CHAPTER 3 
FIELD INVESTIGATION AND EXPERIMENTAL PROCEDURES 
Introduction 
Soil and water quality characteristics of ten retention/detention ponds 
receiving urban runoff throughout the state of Florida were collected with a 
cone rted ffort by many researchers and anaJyzed for several investigations 
including this one. The findings include a general description of each ponds' 
drainage basin as ell as other rele ant physical characteristics to be presented 
below. This partic lar st dy tilizes the da a from the study ponds (Yousef et 
aJ. 1990 and 1991) which may be relevant for characterizing phosphorus in 
retention/de ention ponds. 
Also this chapter will con ain the procedures performed during the pilot 
studies investigations utilized to describe phosphorus uptake by bottom 
,sediments from wet detention ponds receiv"ng urban runoff. The rate and 
extent of phosphorus uptake will be utilized in evaluating transport through 
accumulated sediments determined from previous studies summarized below . 
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Field Investigations 
The following data (summarized in Table 3 _I) is provided from a 
comprehensive study from ten ponds (Figure 3 .1) throughout the state of 
Florida (Yousef et al. 1990 and 1991). The names and locations of these ponds 
are Greenview (Orlando) Silver Star (Orlando), Tampa, New Smyrna, Fort 
yers OcaJa Palm Bay Mielbourne N.Miami, and Clearwater. The situdy 
onds differed in age contributing watershed area, retention dimensions, and 
aver g affic volu e. Sediment cores and water samples taken from 
each ond wer an yzed or various constituents at the University of Central 
Florida Env · ronmen al Engi eenng Laboratories. 
Th first pond collects runoff from a residential area called the 
Gre nvi 1e S bdivision in sou heas Orlando Orange County , Florida. Because 
of Green ie Pond s dos pro ·mity and easy access it was chosen out of 
conve · ence over the other ponds for the additional laboratory pilot studies. 
The Greenview Subdivis'on including he pond was built around 1985 and has 
been utilized as a wet detention pond. This pond receives runoff and 
precipitation from 64 single family residential homes built on an area of 19. 2 
acres. The pond has a surface area of approximately 1 /3 of an acre, and a 
maximum wa er depth of S feet when at the design elevation of 114 MSL feet. 
The Silver Star pond is located in the northeast Orlando area, Orange 
County, Florida. The pond was built in 1980 as a wet detention pond receiving 
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primarily urban roadway runoff from the Silver Star Road urban roadway and 
adjacent areas. There is approximately an average daily traffic volume of 
28176 vehicles. The contributing watershed is approximately 16.84 HA, 
including 4.49 HA of forest wetland 5.55 HA of urban roadway and 6 .80 HA 
of res1den ·a1 ar as. The pond surface area is 0.09 HA with a permanent pool 
storage volume of 1232 m3 . The drainage system has a 90 to 180 cm diameter 
collec ·on system 3.2 km long along Silver Star road which enters the detention 
pond efore p ssin to etl d for further treatment The average daily 
tra c volume is 28176 vehid es. 
The Tampa Pond 1s located in Horizon Park, Tampa, Florida. The pond 
was bui t in 196 a d had some minor modifications on the inlet structure in 
1977 dr n a is ppro imately 31.9 HA including 10.08 HA of 
institution · and 1 .49 H of p r area.. The remaining area is primarily low 
density resid n · d o ar as. The surface area of the pond is 1.13 
HA w·th a stor e volume of approximately 1148 m3 for a permanent pooL 
The average daily traffic volume is 25580 vehicles. 
The New Smyrna pond is located off S.R. 44 in New Smyrna,, Florida. 
The r tention pond was built in 198 l to recei e runoff from 7 .6 HA which has 
a land use of 76 % residential and 24 % commercial. The surface area of the 
pond is approximately 0.93 HA and the storage of the permanent pool was 
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determined to be 8517 m3 • The average daily traffic volume was estimated to 
be 12165 vehicles. 
The Ft. Myers pond is located on the southbound side of I-75 and Alico 
Road in Ft. Myers, Florida. The detention pond was built in 1985 to receive 
runoff from a 85.4 HA watershed consisting of 84.8% forest and 15.2% 
highway. The surface area is approximately 1.2 HA with a permanent pool of 
15204m3 . The average daily traffic volume was estimated to be 100000 
vehicles. 
The Clearwater dieten ·ion pond is located nearby countryside mall near 
U.S. 19 and S.R. 580 ·n Clearwater Florida. This pond has been receiving 
runo from th maU and adjacent roadways. Since this pond was modified 
a er it was built it has an adjusted time of creation of 1980. The total 
wa rshed is 80 97 HA with 24.3% urban road 34.7% commercial use and 
41 % residen ·ai use. The present surface area of the pond was determined to 
approximately I. 7 A with a permanent pool storage volume of 9576m3 . The 
av1erage dai1y traffic volume is 91482 vehicles. 
The Ocala detention pond was constructed in 1983 during the 
modification of S.R. 40 for connection with S.R. 25. The total contributing 
watershed is approximately 37 HA consisting of 65.5% residential and 34.5% 
urban roadway The surface area of the pond is approximately 0.46 HA and 
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the permanent pool having a volume of 798m3 • The average daily traffic 
volume is 19995 vehicles. 
The Palm Bay detention pond is located at S.R. 507 and Crown Street, 
Palm Bay Florida.. This pond was built in 1981 with a contributing area of 
16 .. 17 HA consisting of 69. l % institutional use and 30..9% is urban roadway. 
The surface of the pond is 0.99 HA and the computed volume of the permanent 
pool is 2980m3 • The average daily traffic volume is 28, 1684 vehicles. 
The Melbourne deten ·on pond located at S.R. 518 in Eau Gallie 
Melbourne was construe ed in 1977 receiving stormwater from a contributing 
area of 28.03 HA. The land use fractions are 26.8% urban road 38.03% 
commercial 31. 7 % r1es1dential and 3. 4 % forest. The surface area is 0. 67 
HA w·th an es ·mated erm nent poo s orage volume of 4183m3 • The average 
daily traffic vo ume ·s 31014 vehicles. 
The Miami detention pond is located at the intersection of 1-95 and 
Miam· Gardens Drive The pond was originally constructed in 1965 as a 
borrow pit during the construction of I-95. The drainage area to the pond is 
approximately 25.1 HA of which is 19.8% highway use and 80.2% grassland 
area. The surface area of the pond is 1.06 HA with an estimated permanent 
pool volume of l l80lm3 • 1-95 near the pond has a average daily traffic volume 
of 44072 vehicles. 
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Soil Characteristics 
In previous studies soil core samples from the bottom sediments of these 
ponds were taken from the field and analyzed for moisture content, volatile 
solids fraction bulk density grain size distribution,, and permeability 
characteristics. Cores were taken from each of the ten ponds and fro~en at 
4°C sectioned · nto six layers and mixed £or a composite sample. Each core 
contained a op l 1oose orgaruc assumed non- geological parent material. The top 
loo sedim1en J yers for each pond had different thicknesses. The remaining 
firm par nt g ologic soil ere divided into he following lengths and were 
an yzed: 0-1 cm l-3cm 3-5 cm 5-10 cm and greater than 10 cm. In-situ 
measurements of top loose la r thicknesses were made of the top loose layer to 
b t r charact ze the accumul tion. The methods of measurements for in-situ 
sediment accu u f.Ion ar d scrib d in Sloat (1990). 
The orosity of so 1 pr nts the void space expressed as a fraction 
of sod volume. From the measured moisture content (m.c.) and a specific 
gravity (Gs) of the soil an estimation ~or the porosity for each layer of each 
pond can be calcul ted from th Equation 3-1 : 
m.c. - { Ww/Ws} = { n Sw I (l-n)Gs Sw} 
= [ n/(1-n)Gs ] (3-1) 
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W w = weight of water, ,g 
W s = weight of dry soil, g 
n = porosity 
Sw = specific weight of water l glcm.3 
Gs = specific gravity of soil 
Some typical porosities for various soils are shown in Table 3-2. 
MATERIALS 
Cl 
organic) 
Silty Sand and Gravel 
Sand Silt d Clay 
Well-graded Gravel 
Sand, Silt d Clay 
Clay 
TABLE 3.2 
TYPlCAL PO OSITY OF SOILS 
(Hough 1957) 
POROSITY 
MAXIMUM MINIMUM 
0.51 
0.52 
0.47 
0.46 
0.64 
0.41 
0.11 
0.29 
0.29 
0.23 
0.12 
0.21 
0.11 
0.33 
The procedure for moisture content analysis, utilized I 0 to 20 grams of 
saturated soil samples from each of the soil layers. Each of the samples were 
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crushed with a mortar in a clean ceramic crucible and dried overnight at 103°C. 
The difference in weight before and after oven-drying provides the moisture 
content then dry sediments were immediately transferred to a furnace . 
Representative samples of dry bottom sediments were weighed for 
moisture content then they were immediately transferred to a furnace and 
ignited a a tern rature of 550°C for 15 to 20 minutes. The quantity between 
pre and post igni ·on weights ar,e mdicative of the organic content. Typically, 
we de e ·on ponds for urban runoff are catchments for particulates decaying 
plants and animal debris. Thus large amounts of organic materials settle to the 
bottom sedi ents. The organic content is refered to as volatile fraction. From 
the volatde fraction and an assumed dry solid particle density ( characteristic of 
the soil-type ) the sediment dry density can be calculated. 
The foHowing 1quation can be used: 
p - 100/[(%vss/ 1)+(%fss/p.r)] (3-2) 
p = dry sediment density, g/cm3 
% vss = percent of volatile suspended solids 
% fss = percent fixed suspended solids 
Ps = soil particle mass density, g/cm3' 
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A sediment bulk density can be expressed foam the following equation: 
(3--3) 
Db = bulk density of sediment, g/cm3 
W, = weight of dry sediment, g 
V, = total volume of soil, cm3 
Typical bu densi ·es of some common soils are listed in Table 3. 3. 
TABLE 3.3 
TYPICAL BULK DENSITIES OF SOILS 
(Hough, 1957) 
MATERIAl.S 
Clean Fine to Coarse Sand 
Clean Uniform Sand 
Uniform Silt (Inorganic) 
Silt Sand 
Silt Sand and Gravel 
Sand Silt, Cl y 
WeU- raded Gravel Sand 
Sill and lay 
Cly 
BULK DENSITY 
g/cm"'3 
1.38-2.37 
1.35-2.18 
1.30-2.18 
1.41-2.28 
1.23-2.36 
1.60 2 . 36 
2.00-2.50 
1.57-2.13 
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The dry siediment bulk density can also be estimated by the multiplication 
of the volume fraction of sediment portion (1-n), which is equivalent to unity 
minus porosity, by the dry sediment density from equation (3-2). 
The permeab "lity coefficient which is a measure of the soils conductivity 
or discharge of a liquid under a certain hydraulic gradient can be estimated by 
Darcy's law of the form: 
~ { QL I Ah } (3-4} 
K = permeability coefficient cm/sec 
Q = flow rate cm3/sec 
A = sod cross sectional area cm2 
L = soil depth cm 
/L = hydraulic gradient cm/cm 
IdeaUy the permeabhlity test should be conducted in the field howev1er 
utilizing a constant-head permeameter is highly accepted and practical. The 
constant-he d pe meameter (F' gure 3-3) was used in this investigation. Some 
typical permeability coefficients are listed in Table 3-4. 
59 
TABLE 3.4 
TYPICAL VALUES OF PERMEABil.,ITY COEFFICIENTS 
(DAS, 1982) 
MATERIALS 
U ·form Coarse Sand 
Uniform M ·um Sand 
Clean eU-gra.ded Sand & Gravel 
Uruform Fin s d 
Well-graded Silt Sand Gravel 
s· ty Sand 
Uniform S Dilt 
and CJ 
c ' 
PERMEABILITY COEFFICIENT 
(cm/sec) 
boratory Experiments 
0.4 
0.1 
0.01 
40.0xl0--4 
4.0xl0"'-4 
10"-4 
0.5x10"-4 
0.05x10'"'-4 
O.Olxl0"'-4 
This sec ·on pre ents th experimental procedures performed for the 
batch inves · gations and column studies to characterize · nteraction of inorganic 
phosphorus ith bo to sediments from the Greenview detention pond in 
Orlando. 
Batch Experiments 
Sediments samples were taken from below the permanent pool on the 
north side of the deten ·on pond. These samples contained two distinct colored 
layers, an organic-dark colored layer of accumulated sediments and a sandy-
light colored layer of parent geologic layer. Both the organic layer and sandy 
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layer were removed with a column-extractor (Figure 3-2) and immediately 
taken to the University of Central Florida Environmental Engineering 
Laboratories for analysis. 
The ASTM Standard Method D 3077 (1985) was followed for the 
phosphorus-soil batch system. As recommended by ASTM each soil layer was 
separately mixed until homogeneous and then spread out on a flat surface at 2 
to 3 cm deep and air-dried se eral days. After passing the two separate soil 
layers thro1 gh a 2-mm sieve h large aggregates were crushed, using a dean 
mortar cup nd p sU . T e samples were then stored in a moisture tight plastic 
bag. n order to 1 orrect the soil samples for moisture content, samples were 
taken from plas ·c bags then weighed o en-dried at 100°C and weighed again. 
The diffi re ce i measured wei ht 1s the moisture content. The moisture 
cont nt could no be us d to orrect the stored samples for the dry weight. 
Al sorp "'o analys·s wer r ort1 d on a soil dry weight basis. 
The soil-solution weight ra ·o recommended by ASTM was 1:20. Two 
experimental adsorption I ests were run to assess repeatibilty. In experiment I, 
5 gram dry weight soil composite samples from each layer of the top sediment 
and parent sediment beneath it were added to large mouth one-liter bottles 
cont ~ning 400 ml of the phosphorus solution with concentrations of 0 .931, 
5.719, 24.050 93.140 mgP/l and a blank. As recommended by ASTM the 
solutions were prepared with distilled water and inorganic phosphorus, 
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anhydrous potassium dihydrogen phosphate (KH2P04) as the solute. In the 
second experiment, 20 grams, of dry weight soil composite samples taken from 
the top sediment and parent soil were mixed with 800 ml of the following 
phosp orus concentrations of 0.930, 1.730, 2.690, 3 .530,, 4.340 mg P/l and a 
blank.. The samples were. all agitated on a mechanical horizontal table with a 
speed of a proximately 60 revolutions per minute (RPM), continuously. One 
revolutio1 is one linear back and forth movement. A speed of 60 RPM 
provided s fficient mi ·ng of the samples. The final pH for each sample of 
Trial 1 was 7 .0 and for Trial two a pH of 6 .5 was found. At time intervals 
shaking of samples was stopped sediments were allowed to settle down in 
sampl bottJ s and portions of supernatant were drawn. The decanted 
su ernata was filtered through a .4 um filter to remove turbidity and tested 
for phosp orus at various times until the final concentration l1eveled off. A 
bla was sub acted from 1each sample. The filtrate was used to determine the 
remaining inorganic phosphorus concentrauon in solution using the Ascorbic 
Acid Method (Standard Methods 424 f 16th Ed . .) 
Column Studies 
This section will provide the procedures and experimental results of a 
study of the removal of soluble inorganic phosphorus passing through a two 
lay 1ered sediment- s,oil core. taken from a detention pond. 
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The sediment-soil core was extracted from the Greenview pond in Orlando. 
The core was taken from below the permanent pool on the North side of pond. 
The core extractor is made of a cold-rolled steel which has dimensions of: 
49.53 cm length, 7 cm O.D.(outer diameter), 6.67 l.D .. (inner diameter) 
(Figure 3-2) The end of the extractor contains a removable tapered carbide 
bushing which allows for an easier soil insertion while protecting the inner 
plexiglass column. The inner plexiglass column is used to contain the soil core 
dunng the transport tests . The core extractor was designed to contain and 
protect the inner p exiglass column dunng soil sampling while providing 
minimal soi matrix disturbance. The inner plex.iglass column was designed 
with an 0 D. equal o I.D of the extractor for a good fit. The extractor 
bus ·ng was designed with a I.D equal to the I.D. of the column for smooth 
passage of the soil as the extractor penetrates he soil. The length of the 
column was designed l /8 of an inch shorter than the extractor to allow room 
for a rub er 0-ring to rest on top of the plexiglass column which extends over 
the extractor slightly. The rubber 0-ring was placed on top of the column in 
the extractor to provide protection to the column from the insertion impact 
during sampling. A 10 pound cylindrical head was designed to fit on top of the 
extracto prov1drng a base to allow for an applied force to the extractor during 
sampling. The core extractor, column and constant-head device were built by 
the United States Geological Survey. 
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Upon removal of the sample from the water, end caps are placed over the 
extractor in order to contain the sample in a saturated state and then 
immed ately tran:s,ported to the Environmental Engineering Laboratories at 
U.C.F. Upon arrival the column was removed from the extractor and prepared 
for further investi,gations 
The solute removal apparatus used in this research is depicted in Figure 
3. 3 and was developed particularly for this research. The system consists of a 
c ear plexigl ss cylinder (m ntioned above), 50 cm in l1ength and 6.4 cm O.D. 
with n I D. of 5 .1 cm. scr ens between the soil and end caps, a reservoir for 
the sa u -a · ng solu ·un and associated valves and quick connects. 
Some features of the co~umn des·gn should be noted. The pl1exiglass 
cyr nder is th e as th t remov d from the extractor once a sample is 
ob · ned Pie ·glass 1s . s d bee u it is readably available material, its 
transparency aHo s for insp ction of the soil sample. Also. the standard 
manufactured dimensions conformed well with the extractors standard 
dimensions. The ratio of the column diameter to the soil particle diameter is 
well above 200 to provide minimal effects of short-circuiting along the column 
wall. Th" m"nimum was suggested by Schwartz and Smith (1953). 
After the soil was extracted and the column and soil core unit was 
removed, cleaned and secured in a longitudinal vertical direction for testing. 
Two grooves were pre cut prior to sampling at the top and bottom inside of the 
U C CD ECT < ) 
.... . 
0 
0 0 
0 
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CO ST T- HEAD DE ICE 
VA VE (3) 
QUICK CONNECT (3 ) 
. .. 
I 
• • 
., 
COLUMN AND CORE 
.. 
. .. 
. . . . 
L E < ) 
I VALVE <2 ) 
FIGURE 3.3 SOLUTE REMOVAL APPARATUS 
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column wall to allow for a partial containment of 0-rings. A t.eflon perforated 
screen was inserted below the 0-ring at the top of the column and another 
above the 0-ring support on the lower end of the column to help secure and 
contain the soil-sediment samplie in its undisturbed form. This also provided a 
disc ete location to ·end the sample on both ends which contormed with the 
prernanufactured end caps. The caps at each end of the column were made of a 
eflon matena.I designed for easy insertion while maintaining a nonleakin.g 
sample. The caps ere de i ned with radial distribution channels to promote 
niform flow of sample through the soil column during testing. Once the 
screens are placed on the 0-rimg shelving a cotton ball was stretched over the 
cap to prevent any migration of soil particles out of the column. 
A constant-head device was made of plex.iglass with the dimensions of 
14 cm diametier and 25 cm heigh for use as a reservo·r for the DJ. water and 
phosphorus solu · ons during esting. 
Once the column is taken from the field and the end caps and associated 
tubing and qmck connects are installed (Figure 3.3), the constant-head devic,e is 
filled with distiHed-deionized water and connected to the quick-connect (1). 
The constant head device is then set at a differential head to saturate the soil 
sample from the bottom to the top thus purging any remaining air. During 
saturation the wetting front was allowed to drip from valve (3). After 10 
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minutes, the hyd aulic conductivity, K, is calculated by recording the time 
necessary to collect 200 mls of effluent. 
The constant-head device is then lowered to lower tbe dif£erenti:al head to 
begin a twenty-four hour saturation period. After twenty-four hours the 
hydraulk conductivity is reevaluated to determine if the sample is 1effectively 
saturated. The resultant hydraulic conductivity, is calculated for each flow rate. 
After assuring saturation valve 1 1) and (2) are then closed and the constant-
head devic i r connected to the quick-connect (3). Then valve (2) is reopened 
and the constant-head device is then allowed to maintain a constant head for one 
h1our allowing pressure gradients to stabilize in the system. Valve (2) is closed 
and the sys em is now ready to run the phosphorus, removal tests. 
Th constant-head devic distilled deionized water is then replaced with 
a phosphoru concentrated solution of l 0 mg P /l and set at an approximate 8 ft. 
d1 erential head to th co umn. After I 0 minutes the hydraulic conductivity is 
evaluated again to assure stabilization and to determine if head losses in the 
system were negligible. Theoretically all of the calculated values for 
permeability coefficient should be equal and this was verified from laboratory 
data~ 
Knowing the volume of pore space in the sediment column and the flow rate 
through the column, 1t is theoretically possible to estimate the time it takes to 
displace all distilled water in the column and correct for initial sampling.. The 
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flow rate of 200 ml per hour was constant throughout the entire sampling 
period of 250 hrs. A 50 ml sample was removed from the effluent port at 
different time intervals and immediately evaluated for inorganic phosphorus 
content at the UCF laboratodes., The samples were filtered through a .4 um 
filter to remove turbidity and diluted if necessary and the filtrate was tested for 
phosphorus at various the tJmes until exhaustion (C/Co = . 994) occured. The 
phosphorus concentrations were determined using the ascorbic acid method 
(Stand d Methods 424 f 6th Ed.) 
CHAPTER 4 
FIELD DAT A AND EXPERIMENT AL RESULTS 
This chapter will report the results of the data collected from field 
investigations from ten ponds and laboratory studies. The results will 
summari~e wat1er quality analysis pond water profiles sediment characteristics, 
and phosphorus con ent in the sediments for further evaluation and to develop 
transport characteristiics of phosphorus. The results from column and batch 
studies will also be presented in this chapter. 
Water Quality 
During the investigation (Yousef et al. 1991) water samples were taken 
from the various ponds and analyzed for phosphorus content using the Ascorbic 
Acid Method 424 F (Standard Method 16th Ed.). The mean concentrations 
measured in water samples collected from each pond are summarized in Table 
4.1. The study ponds below have a orthophosphorus to total phosphorus ratio 
varying between 0.2 and 0.55 with an average of 0.38 (see Table 4. l). Figure 
4.1 shows the relationship between total phosphorus and orthophosphorus in 
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water samples collected from study samples. It appears that a linear 
relationship exists (R2 = 0.955338) with a slope of 0.450123 and a intercept of 
-0.00404. 
TABLE 4.1 
STATISTICAL ANALYSIS OF WATER QUALITY 
FOR STUDY PONDS 
II OF PHOSPHORUS 
LOCATIO OBS. PARAMETER CONCENTRATION, ms P/I AGE,yr 
OR THO TOTAL RATIO 
SILVER STAR 21 Av. 0.057 0.104 0 .. 55 9 
(Orlando) Std. dev. 0.031 0.07 
TAMPA 5 Avg. 0.03 1 0. 100 0.31 12 
Std. dev. 0.007 0.027 
NEWSYMRNA IO A 0.006 0 .. 016 0 .38 8 
td. de . 0 002 0.007 
Ff. YERS 5 Av. 0 .02 0.057 0.35 5 
Std. de . 0 .0 ,3 0.04 
OCALA 6 Av. 0.13 0.288 0.45 6 
Std. dev. 0.035 0.088 
CLEARWATER 10 Avg. 0.012 0.262 0.45 '9 
Std. de . 0.019 0~272 
PALM BAY ,S Avg. 0.019 0.054 0.35 8 
Std. dev. 0.013 0 023 
MELBOURNE 6 Avg. 0.024 0.052 0.46 12 
Std. dev. 0.005 0.015 
N. MIAMI 8 Avg. 0.003 0.015 0.2 25 
SW. dev. 0.00 0.001 
GREENVIEW 32 Avg. 0.1045 0.139' 0.32 5 
(0rlando2 Std. dev. 0.008 0.101 
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r" 2 - .955338 
slope = .450123 
y int.• -.00404 
I 
std. error of y est .008767 -,-
std. error of x est .036785, 
+ 
TOTAL PHOSPHORUS (MGPIL) 
GURE 4.1 Ortho vs. Total Phosphorus Concentrations in Water 
for Study Ponds 
F·eld Water Quality Investigations 
Field measurements of the water profiles for temperature, dissolved 
oxygen, pH and oxidation-reduction potential (ORP) have been collected. 
Measurements of the aver ge temperature at varying depths shows that the 
water temperature varied slightly in each pond. Water temperature in the ponds 
vary with the time of year, with measured values lying between 20 to 35°C. 
The temperature differences at the water surface as compared to the bottom of 
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the pond were less than 2°C, with exception of the Fort Myers pond. Fort 
Myers pond varied by more than 4°C probably due to its greater depths. 
In most ponds,, the dissolved oxygen concentration measurements show a 
significant difference between the 1 and 5 feet deptbs. The dissolv1ed oxygen 
concentrations (mg/l) at the sediment water interface ranged from 3 .04 in the 
New Symrna pond to less than 0.2 in the Melbourne and Miami ponds. 
Anaerobic env~ronments created from minimal oxygen concentrations may 
result in denitrification and phosphorus release from the soils. Anaerobic 
envuonmen are more likely to occur during elevated temperatures and heavy 
rain ev nts, during summer periods 
roughout the water columns ·n all the ponds the measured pH of the 
pond water varied slightly and was neutral or s,Jightly acidic having pH values 
between 5.38 m the Clearwater pond and 7.37 in the Palm Bay pond. Also, 
the o dalion-reduction potential ORP) results spanned a wide range, from 100 
mv to 350 mv 
Sediment Characteristics 
In each of the ten ponds investigated the moisture content in the 
s,ediments was measured. Each core was sectioned into a total of six lay 1ers 
which included a top loose organic sediment layer and 5 firm parent geologic 
layers. The top sediment lay1ers show a higher moisture content in comparison 
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to the lower layers. The moisture content in the top layer varied from a 
maximum 76.4% at the N Miami Beach pond to a minimum of 45.2% at the 
Greenvi1ew pond. There is a lar,ge difference in moi.sture content between the 
top accumulated sediment layer and the lower layer of parent soiL The percent 
change in moisture content between the top loose layer and underlying lower 
layers ranges from 28% (Orlando pond) to 55.9% (Palm Bay pond). The 
moisture content is nearly constant throughout the remaining parent soil beneath 
the accumulated ediments. Frum the moisture content the porosity can be 
estimated from Equation 3-1. Also the loss in weight which occurs upon 
ignition is used as a m 1easure of the organic content. Among the ten ponds 
i nves gated the percent organic con ent of the soil ranges ~onn a 4. 3 % for 
Clearwater to 10.4% for N . Miami. Similar to percent moisture and porosity, 
the organic content has dechned significantly from the top accumultated 
sediment layer to the ower par1ent soil layers and remains relatively constant at 
]ower depths,. The percent moisture , percent volatile and porosity of the bottom 
sediments for the study ponds are listed in Table 4.2. 
The dry sediment densities (DSD) have been calculated from ,equation 3-2. 
Knowing the volatil1e fraction and assuming that the particle density for the 
fixed solids is around 2.65 grams/cm3' the DSD have be1en estimated, Table 4.3. 
An overall cumulative weighted average for the dry sediment density of the top 
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TABLE 4.2 
BOITOM SEDIMENT ANALYSIS FOR STIJDY PONDS 
(Yousef, ci al. 1991) 
POND LAYER THICKNESS 1% MOISTURE % VOLATILE POROSITY 
(cm) 
Sil er Star Top 6 62.8 7. l 0.625 
Orlando 1 45.2 4.9 O.:S45 
2 2 JS.S 3 0.485 
3 2 31.5 2.8 0.455 
s 33 2.3' 0.467 
5 34.8 2.7 0.48 
T To 2.5 72.6 rn.2 0.658 
l 33.3 3.1 0.469 
2 2 25.3 1.1 0.401 
J 2 20.9 0.9 0.356 
4 s: 20.6 0.7 0.353 
s 3 201.S 0.7 O.l52 
C ' Smyrna T 1 49.6 9.7 0.568 
1 1 28.4 2.4 0.429 
2 2 25.2 1.8 0.4 
l 2 24.2 2.2 0.391 
24 1.8 0.389 
5 22.1 1.3 0.369 
Fort My T 2. 59.51 6.8 0.612 
I 34 s 1.2 0.478 
2 2 26 0.5 0.408 
3 22 0.5 0.368 
4 5 20.8 0.4 0.355 
s 3 17 0.5 0.311 
Oat.b Top s 52.3 6.5 0.581 
1 l 27.1 4 0.418, 
2 2 11.S 1.7 0.317 
3 2 18.1 1.8 0.324 
4 ,S 18.9 1.6 0.334 
s 3 1s.2 l.S 0.287 
Clearwater To , 2 59.S 4.3 0.613 
I 1 28.4 2.7 0.429 
2 2 28.2 1.7 0.391 
3 2 24.l 1.9 0.39 
4 5 23.7 1.8 0386 
s 2 21.7 l.4 0.365 
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TABLE 4.2 (CONTINUED) 
POND LAYER THlCKNESS % MOISTURE ~VOLATILE POROSITY 
(cm) 
Palm Bay Top 6 163.2 4.5 0.626 
1 I 21.9 L4 0.425 
2 2 22.3 0.7 0.371 
3 2 21.2 0.8 0.36 
.. 5 21.1 0.8 0.359 
5 3 2A.l 0.7 0.39 
Mel ume To 1 64.7 4.8 0.632 
1 J 29.6 1.9 0.44 
2 2 12.1 l.3 0.376 
3 2 22..4 l.S 0.312 
i4 s 21.5 0.6 0.363 
5 2 1'9.6 0.6 0.342 
N. Mia.mi Top s 76. 10.4 0.66'9 
1 43. 4.9 0.535 
2 2 40.7 3.6 0.519 
3 2 36.4 2.9 0.491 
s 27.7 1.7 0.423 
s 3 26.6 1.7 0.413 
Grce:avicw Top 145.2 6.3 0.545 
Orl.a.odo I I 2J.2 1.5 0381 
2 2 21.8 1.3 0.366 
3 2 21.l 1.3 0.359 
4 s 19.6 0.8 0.342 
s 2 18.5 0.8 0.329 
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TABLE 4.3 
BOTIOM SEDIMENT ANALYSIS FOR PHOSPHORUS 
AND DRY SEDIMENT DENSITY ESTIMATION 
( Youser, et at 1991) 
POND LAYER THICKNESS OR THO TOTAL DRY SED. 
(cm) PHOSPHORUS PHOSPHORUS DENSITY 
mgP/gm-dry wt. mgP/gm-dry wt. ,g/cm"3 
Orila.odo Top 6 0.239 0~507 2.3? 
1 l 0.24 0.607 2.4.S 
2 2 0.14 0.456 2.53 
3 2 0.162 OAS 2.53' 
s 0.128 0.449 2.55 
s 4 0.116 0.·444 2.54 
T Top1 2.5 0.104 O~l 2.67 
1 1 0.046 0.114 2.52 
2 2 0.087 0.099 2.16 
3 2 Qi.~ 0.066 2.61 
4 5 0.02 0.048 2.62 
5 3 Qi.012 0.039 2.62 
ew Smyrna Top 2 0.324 l. lSS 2.28 
1 1 0.121 0.381 2.55 
2 2 0.126 0.429 2.57 
3 2 0.176 o.s21 2.56 
4 s 0.34 0.628 2.57 
s 4 o.mn 0.405 259 
Fort , ycrs To 2 0.01 0.096 '2.38 
l 1 0.009 0.077 2.61 
2 2 0.007 0.052 2.63 
3 2 0.01 0.06 2.63 
4 5 0.007 0.038 2.63 
s 3 0.007 0.03 2.63 
Ocala Top 5 0.062 0.265 2.39 
1 L 0.072 0.249 2.49 
2 2 0.06 0.242 2.58 
3 2 0.0S8 0.188 2.51 
4 s Qi.CMS 0.23 2.58 
s 3 0.027 0.218 2.59 
CJearwatec Tp 2 0.012 0.114 2.47 
l 1 0.012 0.103 2.53 
2 2 0.003 0.077 2.58 
3 2 Oi.008 0.095 2.57 
4 s Qi.Oil 0.0761 2.57 
s 2 0.01 0 .076 2.59 
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TABLE 4.3 {CONTINUED) 
POND LAYER THICKNESS ORTHO TOTAL DRY SED. 
(cm) PHOSPHORUS PHOSPHORUS DENSITY 
mgP/gm-dry wt. mgP/gm-dry wt. g/cm"'3 
Palm Bay Top 6 0.007 0.374 2.47 
I I 0.013 01.106 2.59 
2 2 0.0091 0.027 2.62 
l 2 0.005 0.047 2.62 
4 s 0.005 0.053 2.62 
.s 3 0.009 0.068 2.62 
Melbourne Top 1 0.04 0.481 2.46 
1 1 0.029 0.316 2.57 
2 2 0.021 0.312 2.59 
3 2 o.ou 0.253 2.59 
4 s 0.018 0.247 2.62 
:5 2 0.006 0.153 2.6'2 
. Miami Top s i0.os,1 0.418 2.26 
I 1 0.034 0.198 2.45 
2 2 0.03 0.16 2.5 
3 2 (UY.2 0.119 2.53 
5 0.02 0.094 2.58. 
s 3 0.017 0.049 2.58 
Gfecnview Top I 0.16 0.632 2...4 
1 I 0.056 0.127 2.59 
2 2 0 057 0.119 2.59 
3 2 0.063 0.136 2.59 
5 0.043 0.078 2.62 
s 2 0.054 0.067 2.62 
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and bottom layers in each pond range from 2.59 to 2.47 gm/cm3 for 
Greenview and N. Miami, respectively. The top layer dry sediment densities 
ranged from 2 26 to 2.47 gm/cm3 for N Miami and Clearwater, respectively. 
An overal weighted average for the dry sediment densities of the parent soils 
range from 2.53 to 2.63 gm/cm3 • 
Phosphorus Accumulation in Bottom Sediment 
Th phosphorus co c n ations in the particulate forms in the bottom 
sediments of diffi ren layers ere used to examine the v1ertical profiles and 
attenu ·on rates of phosphorus., Sediment layers were extracted from the field 
and separ ted for p osphorus examination and tested at the UCF Environmental 
Enginee n L bar ories.. The concentra ·ons of phosphorus are summarized in 
Ta I 4 
Among the ponds studied the Ne Smyrna and Silver Star (Orlando) ponds 
have the highes co ce tr tion in their top layers of 1.155 and .507 mg Pigram 
dry solids res pee ti vel y 
From the vertical profiles for each pond a weighted average for 
phosphorus concentration based on the thickness of each layer was calculated. 
The weighted average for the New Smyrna and Silver Star (Orlando) have the 
highest values of .584 and .474 mg P/gm dry soil wt. solids respectively. 
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Typically, the phosphorus concentrations are higher in the top layer and 
attenuate with respect to depth for the profilies calculated from the study ponds. 
The mass accumulation rate of phosphorus (g/yr) for each pond can be 
estimated if porosity~ dry sediment density (g/cm3), thickness (cm) of each layer 
and pond surface area are known. The accumulation rates are calculated and 
·s ed in Table 4.4. The calculations are based on a mass of phosphorus 
accumulated in each layer of the sediments after subtraction of the background 
phosphorus concentration in the lowest depth of the parent soil. 
TABLE 4.4 
ACCUMULATIO TES OF PHOSPHORUS 
IN BOTTOM SEDIMENTS FOR SlUDY PONDS 
LOCATION 
Greenvi w 
~Orlando) 
Silver Star 
(Orlando) 
Tampa 
Ft. Myers 
Ocala 
C•earwater 
Palm Bay 
Melbourne 
Miami 
New Smyrna 
ACCUMULAT~ON 
RATE 
(grams/yrl 
9924 
1998 
3'5031 
35316 
659'6 
116391 
45764 
74365 
43430 
86446 
AREAL 
ACCUMULATION 
RATE 
(mg/cm "' ,2 .. yrJ 
0.735 
0.222 
0.309 
0.316 
o., 54 
0.0916 
0 . 462 
1.11 
0.428 
0.93 
80 
The in-situ depth measurements of top accumulated sediments thicknesses 
from Sloat (1990) are used to estimate the magnitude of phosphorus 
accumulation itn the retention/detention ponds. The detailed calculations for the 
phospho s accumulation rates and the depths for the top layers for the study 
ponds can be seen in the Appendix A. 
Batch Tests Results 
he Gre nv1ew and as chosen for the sorption investigations. Two 
expe men w e run in order to test repeatability of results. The first 
experiment utibzed 400 ml inorganic phosphorus solutions with the 
concentra ons 0.931 5.719 24.050, 93.140 mgP/l and a blank, with a soil 
. ample of 5 gr ms of oven dried soil. The second experiment utilized 20 
gram of dry-soil composite samples ith 800 ml phosphorus concentrations of 
0.930 1.730 2.,690 3.530 4. 40 mgP/l and a blank. Throughout the 
experiment period the blanks in he first and second experiment showed a 
phosphorus concentration between .004 and .007 mgP/l. The results of the 
adsorption tests is shown in Table 4.5 below. Typically phosphorus removal 
from solu ·on per gram of soil at various contact times follows the trend shown 
in Figure 4.2. It appears from Figure 4.2 that the rate of removal is fairly 
high in the initial stages of the experiment and eventually levels off reaching a 
relatively constant concentra ··on. 
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TABLE 4.5 A 
BATCH STUDIES RES UL TS FOR EXPERl'MENT 1 
Accumulated Layer Parent Layer 
SAMPLE I TIME~ hr. Concentration P adsorbed Concentration p adsorbed 
(ms P / liter) (mg P/gm. dry wt~) ~mg P I liter) (m& P/!m. d!1 wt.) 
blank 0 0.005 0 0 .004 0 
1 0 0.931 0 o.93m 0 
2 0 s.n9 0 5.119 0 
) 0 24.0S 0 2A.OS 0 
.. 0 93.14' a 93.1• 0 
blank 1 r0.007 0 0.004 () 
I 10.784 O.OUB 0.7196 0.011 
2 S. L2 0.0417 S.281 0.035 
3 19.48 0.366 20.S7 0.278 
' 
I 79. 1 1.123 79.4'8 1.ro«J2 
blank 2e 0.0061 () 0.006 0 
l 28 0.617 0.0251 0 .119 0.017 
2 28 4 .533 0 .0949 S .. 01 0.057 
3 28 20.26 0.3033 21.44 0.209 
28 83.25 0.191 19.49 UJ92 
blank 0 .007 0 0.004 0 
J 96 0.4'74 0.0366 o.6sm 0.02 
2 96 J.897 0. 1458 4.67 0.084 
3 96 1'9.6 1 0 .3SS 21.44 0.209 
4 96 1.23 0 .95) 79.49 1.092 
bfank 362 0 .005 D 0 0 
I 362 0 .36 10.04S7 0.631 0.024 
2 362 3.78 O. IS48 4.1'57 0.101 
3 362 18.1 0 428 19.8 0.34 
• 362 81.00 0.969 71.19 1.22 blank 506 0 .006 0 
I 506 0.244 0.055 
2 506 3.6 0 W697 
3 506 19.4 0.312 
4 506 78.12 1.202 
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TABLE 4.5 B 
BATCH STUU.ES RES:Ul TS FOR EXPERIMENT 2 
Top A.ccumulatcd Lay1~ Parent Sandy Layer 
S:AMP'LE I TIME, hr., Cooc. p adsorbed Cane. Mass Adsorbed 
~ms P / user~ ~!!!! Pt~. d~wq ~ms P t liter} ~mg PIS!!. d!i'. wt.) 
btank c 10 0.006 0 
I 0 0 .93 0 0.93 0 
2 0 1.73 iO 1.73 0 
3 0 2.69 0 2.69 0 
4 0 J .53 10 3.S3 0 
5 0 4 .34 10 4.J4 0 
blank 1 10 .aos 0 0.006 0 
I 0.405 10.021 0.62 0.0124 
2 { . IOS 10.02S 1.4) 0.012 
3 1 89 10.032 2.065 0.025 
4 1 2.63 0.036 3.105 0.017 
5 1 J .315 0.041 3.415 0.037 
lblank 481 01.005 0 0.007 0 
I 48 0 . 243 01.i021s O.J88 0.0217 
2 48 0.88 0.014 1.198 0.0133 
3 48 1 .. 54 0.046 1.935 0.0302 
4 8 L943 0.06JS 2.648 0.0353 
s 48 2 .. 69 0.066 3.S83 0.0303 
blank 180 Q1.Q06 0 10.005 0 
1 190 0 • .16'8 0.0305 0.43 0.02 
2 190 0.485 0.10498 1.08 0.026 
3 190 0.99 0.1068 l.87 0.0328 
4 190 t.43 0.0184 2.5·93 0.0375 
s 190 1.965 0.095· 3.408 0.0373 
ank 472 0.006 0 0.005 0 
1 472 0 .13 0.032 0 .44 0.0196 
2 472 0 .38 0.054 1.005 0.0282 
3 472 Oi. 7'6S 0 .. 017 1.833 0.0343 
4 ,472 1.155 0.095 2.563 0.0.387 
s 4n l.64 0 . 108 3.428 0.036.5 
b«ank 616 0.004 0 0.007 0 
1 616 0.11 0 .. 0328 0.435 0. .. 0198 
2 6 16 0.38 0.054 1.015 0.0286 
3 616 0.753, 0.077S 1.813 0.0351 
4 616 1.13 0.096 2.563 0..0387 
s 616 1.4191 0.114 - 3 .. 42 0.0368 
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FIGURE 4.2 PHOSPHORUS RE OV BY THE ACCUMULATED SEDIMENTS LAYER 
FOR EXPERIMENT 2 LABORATORY STUDIES 
For example for calcu ation of the total adsorption (mg Pig dry 
sediment) for Experiment One samples can be demonstrated with the initia1 
concentration of 24.05 mgP/1 with 5 grams dry-weight soil as follows: 
At 0 hr. contac time .. 
All P in reactor solution = 24.05 mgPll * .. 4 liters -
9.62mgP 
At 1 hr. contact time: 
All P in reactor solution - 19.48 mgP/J * .4 liters 
7.79mgP 
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P adsorbed: (24.05 mgP/l-19.48mgP/1)*4 L = l.83mgP 
thus 1.83/5 = .366mgP/gram dry wt. soil 
At 28 hr. contact time,: 
All P in reactor solution = 20.26 mgP/l * .4 liters 
'8.104mg P 
P adsorbed: 9 .62-8.104 = 1.516/5 gram dry wt soil= 
0.3033mgP/gram dry wt. soil 
At 96 hr. contac time: 
AH P u1 reactor solution = 19. 61 mgP/I * .400 liters 
7.844 mg P 
P adsor ed: 9.62-7.844 = 1.776/5 gram dry wt soil= 
0.355 mg Pigram dry wt. soil 
At 362 hr. contact time: 
All P in reactor solution = 18. 7 mg P/I * .400 liters 
7.48 mg P 
P adsorbed. 9. 62-7 .48 = 2. 140/5 gram dry wt soil 
0.428 mg Pigram dry wt. soil 
At 698 hr. contact time· 
All Pin reactor solution = 19.40 mg P/l * .400 liters 
7.76 mg P 
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P adsorbed: 9.62-7.76 - L86/5 gram dry wt soil 
0.372 mg Pigram dry wt. soil 
Column Results 
A 33cm two layered core of "undisturbed" sediment and parent 
geolog cal soil layer was extracted Greenview from detention pond and brought 
to the University of Central Florida Laboratories. A 10 mg P/l solution was 
circulated through the column and at a rate of 200 ml/hr for a period of 225 .5 
hrs until the concentration in the filtrate reached the exhaustion limit of C/Co 
- . 994 at the effluent. 
The results of the continuously measured effluent concentrations is 
shown in Tab e 4.61. 
mass of dry sohds = 1172 grams 
volume of solids: 1172 grams/2.65 g/cm3 = 442.26 cm3 
soil column volume: 20 .. 26cm3*33cm = 668.9 cm3 
void volume· 668.9 - 442.26 = 226.6 1cm3 
void ratio: 226.6/442.3 = ~512 
porosity: 2216.6/668.9 = 34 
permeability coefficient = . 0010 cm I sec 
soil sample dimensions: L, D, A, = 33 cm, 5.08cm, 20.26 cm2 
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TABLE 4 .. 7 
BREAKTHROUGH DATA FROM COLUMN EXPERIMENT 
TIME, CONCENTRATION TIME, CONCENTRATION 
(hours) (mgP/1) (hours) (mgP/1) 
0 0.001 36.S 5.95 
1.16 O~OOS 36.S S.10 
6 so 0 025 37.S 6.05 
6.87 0.016 38.0 6.05 
13 76 0.036 38.S 5.85 
14.13 0.032 41.17 6.44 
18.25 0.800 42.Sl 6.59 
18.5 0.947 44.01 6.SI 
19 07 1.14 44 51 6.71 
19.42 1.28 45.01 6.89 
19.97 1.53 146.01 61.90 
20.83 2.U 47.01 6.96 
21.62 2.34 48.01 6.57 
21.92 2.34 48.Sl 6.96 
22.23 2.59 49.01 6.42 
22.68 2.64 54.Sl 6.97 
23.01 2.93 55 01 7.40 
23.49 3 03 SS.SI 7.IO 
23.77 3.27 56.01 6.81 
24.02 3.22 59.01 7.30 
24.89 3.66 62.51 1.50 
31.93 5.06 66.18 1.45 
3L05 S.12 80.26 8.09 
31.47 S.26 97.70 8 .. 20 
31.17 5.41 105.3 8.30 
32.57 5.22 111.55 8.50 
32.87 S.31 120.98 8.8 
33.59 6.82 140.26 9.iO 
33.92 5.16 153.87 9 . .30 
34.22 5.31 174.51 9.51 
34.82 S.42 183.S 9.62 
35.85 5.61 225.S 9.86 
35.85 5.75 
CHAPTER 5 
ANALYSIS OF RESULTS AND DISCUSSION 
This section will provide the methods of analysis of the results from the 
data collected in the field and laboratory investigations,. The analysis and 
interpretation of data will provide the basis for the conclusions for somie of the 
possible m chanisms ·nvolving phosphorus accumulation in detention basins. 
Batch Investigation 
and describe the s eady-state equilibrium of the adsorption and desorption of 
phosphorus from res lts of batch and column studies. This section will utilize 
some of those methods described in Chapter 2 to model the transient and steady 
state data obtained from the batch studies. 
Of the many empirical equations used to model the steady-state 
occurence of phosphorus equilibrium in the solid-liquid system, the most 
common are the Freundlich, Langmuir and linear isotherm equations. 
The Freundlich isotherm is defined by the nonlinear relationship: 
XIM =KC 110 e (5-1) 
when: 
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X = the mass of solute adsorbed, mg 
M = the mass of adsorbent, g 
K,,n = s,orption constants 
Ce = the equilibrium concentration of 
solute, mg/l 
Equation 5-1 can be lmearized to the form: 
log JM) == log(K) + 1/n log(CJ 
where and n can be calcula ed by curve fitting the transformed data. 
Correlation coefficients (R) and the summation of square differences between 
predicted and transformed points can also be calculated. The standard form of 
the Langm ir isotherm is:, 
X/M = l<u1bC /(1 +bCJ (5-2) 
X = the mass of solute adsorbed mg 
M = the mass of adsorbent g 
K,111 = the maximum value of X/M as Ce 
increases mg/ g 
b = adsorption energy bonding constant 
C 0 = the equilibrium concentration of solute,, 
mg/l 
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The simplest form of equilibrium sorption isotherms is given by the a 
linear relationship: 
(5-3) 
X/M = mass of adsorbent P per mass of adsorbent, mg/g 
~ = distribution coefficient, 1/ g 
Ce = equilibnum concentration of solute, mg/I 
ine ata points wer developed from batch experiments one and two 
(Ta I 4.5 A&B or the m ss of phosphorus (mg) adsorbed per unit mass of 
accu diments m of dry w . taken from above the parent soil, 
rsu fi pho horu concentra ion mg/I) as shown in Figure 5 .1. The data 
a fou d t fit the Fr undl h sotherm as follows: 
X/M = 0 0779 Ce0·4953 and R2 = 0.95499 
ow v r one point from experiment one, corresponding to the mass 
adsorbed of 0 055 mg. phosphorus per gm. wt. dry sediments at the 
equilibrium concentration of 0.094 mg P/l appeared to be inconsistent with 
other oints. When this point was removed from analysis, the results of eight 
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points was found to follow the following Freundlich isotherm and better fit the 
data from visual observation.: 
XlM = 0.09904 Ce·5426 and R2 = 0 . 98893 
Similiarly for the sandy parent soil nine data points were developed 
from the batch experiments one and two (Table 4.5) for the mass of phosphorus 
(mg) adsorbed per unit mass of .Parent geologic soil (g of dry wt.) versus final 
phosphorus concentration (mg/l) as shown in Figure 5.2. The data was £ound 
to fit the Freundlich Isotherm as follows: 
XIM = 0.02772 Ce0 ·8 100)3 and R2 = 0.93703 
Also one point from Experiment 2 corresponding to the mass adsorbed 
0.0368 mg P per gram of dry weight soil,, with an equilibrium conoentration of 
3.42 m,g P/1 appeared to be inconsist.ent with the other points. Removing this 
point resulted in the following equation which appear,ed to fit the data better 
from visual obs,ervation: 
XlM = 0.0301 Ce 0 ·812815 and R2 = 0 . .968774 
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An attempt was made to describe adsorption of phosphorus in bottom 
sediments utilizing the three methods described above for isotherm generation. 
The graphs for the linear and Freundlich isotherms are plotted in Figures 5 .1 
through 5.4_ The corresponding constants, correlation coefficients and sum of 
squared residuals (SSE) for all three isotherms for the two experiments are in 
Table 5.1. 
TABLE 5.1 
ISOTHERMS RESULTS FOR BATCH STUDIES DATA 
LAYER EQUATION 
FAEUNIOLICH LANGMUIR LINEAR 
ACCUMULATED 
ORGANIC SEO. 
R "2 = 0.91881913 
K = 0.09904 
1/n = 0.5426 
SSE= 0.0191 
GEOLOGIC PARENT R "2 = 0.968,77 
SANDY SOllL K = 0.03005 
1/n = D.8128 
SSE= 0.0893 
A"" 2 = 0.80151 
Km= 1.36 
b = 0.06'93 
SSE= 547.8 
R "' 2 = 0.:30031 
Km= 2,.90 
b = 0.0088 
SSE ·= 1320.11 
R "' 2 = 0 1.95862 
Kd = 0.01766 
SSE= 0.0384 
A "" 2 = 0.99768 
Kd = O 01620 
SSE= 0.0024 
It must be r 1ealized that the R2 and SSE for the Freundlich isotherm 
were based on transformed data and not the original data. Therefore, 
comparison between various models is not appropriate. 
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Mass Transfer Analysis 
When considenng phosphate adsorption as a .significant removal process 
it is important to know not only how much phosphorus in solution will react 
with the soil but how much has reacted at a particular time during the removal 
process. 
The experimental results from the batch studies shows that the 
adsorption of phosp orus as a function of tJ.me Figure 4.6 can be described by 
he two-constant kine ·c qua on developed by Kuo and Lotse (1974). This 
equa on is: 
her XI ·s the a ou bsorb d in ug/g C 0 is the initial phosphorus 
cone n a ·on 1n pp t i tive ·me in hours and Kand 1/m are constants. 
I the IM plotted in Figure 4.2 for each of the initial 
concentrations of 0.93 1.73 2.69, 3.53 4.34 mg P /1 is plotted on a 
ogarithmic coord· nate system as shown in Figure 5.5. The overall slopes are 
within the range of . 3 and . 16 w ich is in agreement of those reported by Kuo 
and Lotse (1973). These slopes reflect the mean transfer rates between 
phosphorus and the accumulated sediments within the stated contact time. 
If the initial concentration is divided into the X/M value (excluding the 
sample with a Co = .93 mgP/l) for each of the batch samples, a normalized 
97 
plot is produced as shown in Figure 5.6. The plot, made-up of twenty points, 
can be described by equation 5.4 with a good fit ("R2 " equals .892772). The 
nonnalize-d equatJon has a K value of .011 and a slope (1/m} of .15 or 
-
.., g 0 .1 
~ 
c. 
en 
0 
.i= 
CL 
E 
~ 
• Co - ClB3 mgP/I A. Co - 1.1'3 mgPn • Co1 - aee mgP.n , 
o Co - 353 gP/I w Co -= 4.34 mgPJ1 
• 
o.c1t.:":'"' ___ .,.----r--.-T"-r"TT",...,......~--,....__,.~-,.-T""T'""l""l'T'----~-------_J 
1.00 10.00 1000.00 
FIGURE 5.5 PLOT OF FIGURE 4.2 WITH A LOGARITHMIC COORDINATE SYSTEM 
The transient state which is the period of mass transfer can be 
characterized by the mass transfer rate of phosphorus from solution to the soil 
at any particular tim,e. This transient state, involving mass transfer, has been 
studied by many investigators with a number of kinetic equations ( Griffin and 
Jurnak 1974, Enfield 1974, Kuo and Lotse 1974). 
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0 .01 
0 .0011 __ _...__.....__..__... ________ __._ ______ _.... _____ --..._...... 
1 110 100 
TIME.HRS 
F1IGUAE 5 6 MASS OF PH01SPHORUS ADSORBED INORMAUZED BY 
THE INITIAL CONCENTRATION AT VARIOUS TIMES 
1,000 
As e experiment progresses to a relatively constant phosphorus 
concentration in solution an overall mass transfer rate can be assessed mer1ely 
by determ· ·ng tbe slope of the X/M vs. time relationship. The mass transfer 
rates of phosphorus adsorption from solution to s,ediments during batch 
1experiments conducted for this inves,tigation are shown in Table 5 .2. The mass 
transfer rates wer1e determined by dividing the total amount adsorbed onto the 
solid phase by the elapsed contact time. 
An iHustration, of the mass tansfer rates for the accumulated soil and the 
sandy parent. soil can be seen in Figures 5. 7 and 5. 8, respectively. Each line 
represents the trend ~or the mass transfer rates at the indicated contact time for 
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aU of the batch samples. The mass transfer rate is plotted for the different 
1elapsed times on a semilog scale below (Figures 5.7 and 5.8). Each line in 
Figure 5.7 and 5.8 represents the mass transfer rates, mg PI gram dry 
sediment per hour, at the intermediate concentrations measured at different 
contact times for tbe batch samples with the initial concentrations of 0 .93, 1. 73, 
2.69 3.53, 4.34 mg P 11. 
The tre d of the mass transfer rate lines at different contact times 
rogr sses to a re1a vely const nt slope and position on the graph. In fact, in 
both plots the mass transfer rate lines at 616 hr and 472 hr almost overlap and 
h ve relatively the same slope indicating little change and approaching 
uilibriu . I sp 'Ction of the graphs shows that the mass transfer rates prior 
to an t q ilibrium 1s function of the final concentration and time as the 
-x.p riment approa h s c1os 1e to an equilibrium. The batch experiment 
appro ched a quasi-equilibrium in less than one month. Upon reaching the 
state of a quasi-equilibrium the data can be described by the following 
equatiofl': 
X/M-hr = K*Ceb (5.5) 
Where k and b are constants and Ce is the ,e,quiiibrium concentration. 
The ten observations of mass transfor rates developed after 472 and 616 hours 
102 
of contact time follow the equation 5 .5 with a correlation coefficient of 
0.934039 for accumulated sediments. The following equation was developed: 
X/M-hr = 0.000166*Ce0 ·4ns.s3 (5 .6) 
The calculated five mass transfer rates after 616 contact hours for the 
accumu ated sediments follows the same with correlation coefficient of 
0.993238 the form of: 
X/M-hr = 0.000153*Ce0·471018 (5.7) 
Sim"liarly the ten calcu ated mass transfer rates at 472 and 616 hours for 
the par nt eological soi follow equation 5. 5 with a correlation coefficient of 
0.718534 follows: 
X/M-hr = 0.000051 *Ce0 -3304s5 (5.8) 
The five mass transfer rates at 616 hours for the parent soil follows 
showed a correlation coefficient of 0 910956 and can be represented by the 
following equation: 
X/M-hr = 0.000045*Ce0 ·323488 (5.9) 
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FINAL CONCENTRATION (MILLIG1RAMS OF PHOSPHORUSILITER) 
FIGURE 5.7 MASS TRANSFER RATES OF PHOSPHORUS FROM DISSOLVED TO SOUD PHASE 
VS. FINAL CONCENTRATION AT VARIOUS TIMES DURING EXPERIMENT 2 FOR 
ACCUMULATED SEDIMENTS 
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FIGURE 5.8 MASS TRANSFER RATES OF PHOSPHORUS FROM DISSOLVED TO SOLID PHASE 
VS. FINAL CONCENTRATION AT VARIOUS TIMES DUA'tNG EXPEA1IMENT 2 FOR 
SANDY PARENT LAVER 
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An aUempt was made to predict the mass transfer rate (MTR) for each 
pond based on the average orthophosphorus concentration of each pond using 
Equation 5.6 and 5.8. These values can be compared to an estimated value, 
based on measurem1ents of sediment concentration, Table 5.3. The mass 
trans~er rate for each pond was estimated by dividin,g the sediment 
concentration by the age of each pond. The predicted values are generally 
higher than the estimated values 
Column Ana1ysis 
This section will present the analysis of the data from a column study on 
bottom sediments taken from a detiention pond. A lOmg P/1 solution was 
circulated through a tes column at a rate of 200 ml/hr for a period of 225 .5 
hrs. The concen ration was measured continuously and monitored versus time 
until a breakthrough limit of CICo = .994 at the outlet was reached. 
The effective bed volume or void volume for the soil was determined 
from subtracting the soil column volume from the volume of the soil mass of 
dry solids1. 
volume of solids: 1172 grams/2.65 g/cm3' = 442.26 cm3 
soil column volume: 20.26cm3*33cm = 668.9 cm3 
Void volume: 668.9 - 442.26 = 226.6 cm3' 
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The graph of C/Co vs. time, bed volume, and volume of filtrate is 
shown in Figure 5. 9. By inspection of Figure 5. 9 the initial measured 
concentrations were hardly detectible, probably due to the initial dilution effect 
and initial high removal potential of the soil. The C/Co ratio is increasing with 
total volume of filtrate and is approaching one as the time increases. This 
asymptotic curve may be due to a lower driving force as the difference between 
solute and sorbate concentration decreases. 
For determination of the maximum mass adsorbed upon exhaustion, the 
concentration s. volume of filtrate was plo ted and analyzed. This curve of 
concentra ·on (Y) vs. fi]trate volume (X) can be characterized empirically by 
the equation Y = A + B/X with a significant squared correlation coefficient of 
. 967113. When · concentr ·on of phosphorus (mg P II) in filtrate versus 
volum1e (liters) the cons nts A and B are 10.3799 and -34.24, respectively . 
Utilizing this equation y = A + B/X with the given constants by integrating it 
from 0 to 50 liters and subtracting it from the exhaustion concentration, in 
other words, obtaining the area above the curve a maximum mass of solute 
adsorbed from measurments of the filtrate can be obtained equal to 112. 7 mg of 
phosphorus. The weight of the soil on an oven dry basis, was measured as 
1172 grams. Therefore the mass of phosphorus. (mg P) per mass of soil grams 
dry soil ) was determined to be 0.096 mg P I gram dry wt. soil. 
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Knowing the flow rate as 200 cmA3/hr and the void volume (668cm ""3 * 
.36) 1t is possible to calculate the contact time for the solution passing through 
the column as follows: 668* .36/200 = 1.2 hrs 
Utilizing Equation 5 .4 and the given constants from the batch study 
investigation, it 1s possible to estimate a value of 0 .11 milligrams of phosphorus 
adsorbed per gram of dry weight of soil. This can be seen with with the 
following: X /M = 0.011 Co f''0.15 
where: Co = 10 mg P/l t = 1.2 hrs 
. l lmgP/gm dry wt. = .Oll ( lOmgP/l)l.2· 15 
odding F1 Id Phosphorus Accumulation 
This section will describe the field da a analysis to predict phosphorus 
accumula on in bot om sediments of retention/detention ponds. 
The accumulation of phosphorus in bottom sediments of 
retention/detention ponds can be a function of many different variables. The 
soluble forms of phosphorus (those measured as orthophos,phorus) in a pond's 
overlying water could decline by adsorption, precipitation, and biological 
uptake. owever, the soluble phosphorus concentration near the water-
sediment interface could mcrease or decrease depending on the degree of 
anaerobic conditions in the bottom soils This condition therein affects the 
equilibrium between the soil and water. The particulate forms of phosphorus in 
110 
runoff water entering the pond wifl settle near the discharge pipe. Levels of 
phosphorus in the runoff water is dependent on the surrounding watershed. 
Thus depending on the type of land use and magnitude of the contributing area 
and associated runoff characteristics. 
For this study the bottom sediments in each pond were analyzed for 
phosphorus content at each layer (res lts in Table 4.3). Physical and chemical 
1characte ·sties of the bottom sediments were also determined. The 
accumula ·on rates were calculated from the pond age (Table 4.1), area (Table 
3. I estima ed sediment dry densities and phosphorus concentrations in the 
bottom sediments and porosity (Table 4.3 and 4.4). The phosphorus 
concentration profile throughout the bottom sediments were used to calculate 
accumulated phosphorus per year after subtracting the concentration of 
phosphorus in the percent soil below accumulated sediments. The estimated 
accumulation rates for phosphorus in t e st dy ponds with the overflow rate are 
tablulated in Table 5.4. It was found that for nine of the ten ponds a 
relationship for the rate of phosphorus accumulation versus the average 
overflow rate (Qa/ Ap, flowrate from an average storm/pond surface area, 
cm/hr) c n be described by Figure 5.10. Data used from Sloat 1990 for 
estimating the Qa/ Ap values are shown in Table 5-4 below. 
The estimated value for the accumulation rate for the Melbourne pond 
did not follow the same trend produced by the other ponds. Sloat (1990) states 
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that the in-situ measurement for the sediment thickness was difficult to assess 
without an accurate baseline for the parent soil. The value for the overflow 
rate calculation for the Greenview pond was estimated from the contributing 
area and is shown in Appendix A. 
Accumulated phosphorus and overflow rates were analysed using a linear 
and non linear regression analysis. The following ,equation was developed: 
where: 
Accumulation Rate = a *((Overflow Rate Yb) 
y = a*x·b (5 .10) 
y = gm Phosphorus/yr 
a = 135794.5 
X = Overflow Rate cm/hr 
b = I 167 
Figure 5 .. 10 shows the measured accumulation rates for phosphorus in 
bottom sediments from field measurements. as a function of the overflow rate. 
This data can be described by Equation 5. 6 with a correlation coefficient "R" 
of . 921137. This relationship is similiar to that shown in Figure 2. 7 which 
shows the increase in percent removal of phosphorus with an increasing ratio of 
Vb/Vr. The ponds in Figure 2.7 each were subjected to various Vr/Vb and the 
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percent removals w1ere recorded. However this analysis differs in that long 
term accumulation rates, a measure used to represent removal, were estimated 
from many ponds. Also these ponds differed in age, location and site 
characterisitics. The overflow rates Table 5 .5 used for this s,tudy were 
estimated from rainfall data and pond surveying data from a previous study by 
Sloat (1990). 
Table 5.5 
Estima es of Phosphorus Accumulation Rates (g P/yr) 
Locatiion Accumulation Rate Qa/Ap 
(g P/yr) (cm/hr) 
Gee view 9924 10.97 
(Orlando) 
Silver Star 1999 24.78 
(Orlando) 
Tampa 35032 3.35 
Ft.Myers 35316 4.57 
Ocala 6135 12.10 
Clearwater 16391 8.60 
Palm Bay 45764 2.96 
Melbourne 74365 7.74 
Miami 43430 2.16 
New Symrna 86446 1.10 
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Attenuation of Phosphorus in Bottom Sediments 
Charpa developed an equation to model the steady state attenuation of 
phosphorus in the solid phase from a form of Fick's Law described in Chapter 
2. This equation is developed on the basis that the solid phase of the constituent 
being modeled associates and may be quantified from the liquid phase. The 
modified resu tant equation is represented by: 
dS/dt = -v dS/dx - k*S 
and the solution under steady state conditions is: 
S = So exp (-kx/ v) (5-11) 
S = concentration of P in the solid phase (ug/g) 
So = concentratio of P in the solid phase at the 
soil water interface (ug/g of dry wt. solid) 
v = sedimentation or deposition rate (cm/yr) 
k = phosphorus attenuation rate rate, 1/yr 
x =depth cm 
t = time, yr 
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Pond bottom sediment solid phase phosphorus concentrations have been 
collected from a number of ponds for this investigation and analysed. 
Typically, attenuation of solid phase phosphorus in bottom sediments of the 
various ponds ,generally follows Equation 5-11. The ponds which show an 
overall general attenuation are listed with the associated rates and 
concentrations from Equation 5-11 in Table 5.6 The sedimentation rates (v) 
are derived by dividing the sediment thicknesses from Sloat (1990) by the pond 
TABLE 5.6 
A1TENUATION RATES AND THE CONCENTRATIONS 
AT THE POND ATER-SEDIMENT INTERFACE 
POND Vb So, k, 
1cm/yr mg/g l/yr 
SILVER STAR 3.4 0.501 0.027 
TAMPA 1.4 0.217 0.197 
FORT MYERS 4.2 0.0802 0.382 
OCALA 2.1 0.269 0.026 
MELBOURNE 3.6 0.586 0.254 
MIAMI 1.1 0.512 0.1591 
CHAPTER 6 
CONCLUSIONS AND RECOMMENDATIONS 
Stormwater management through the use of retention/detention ponds, is 
re o nized as an effec · ve and relatively inexpensive method to improve water 
qu · ty if the I nd is a ai ab e. Depending on the surrounding land use, 
q an ·bes of organic and inorganic phosphorus enter these ponds. Particulate 
and solubl forms can be remo ed through many mechanisms including 
· mmmo iliza ·an by biological uptake chemical/physical reactions leading to 
precipit ti on physical and ch m1ca1 adsorption and deposition. As phosphorus 
is con ·nu ly d d to ret ntion/d tention system it will eventually 
a1ccumulate in the bottom sediments. However some of the phosphorus may be 
released back to the overlying water under favorable environmental conditions 
until a balance is established. he purpose of this research was to study some 
of the possible removal processes, and descnbe transport of phosphorus into 
bottom sediments. Also existing data on phosphorus accumulation from ten 
ponds throughout the state of Florida was correlated with basin characteristics. 
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After extensive study of the existing data and laboratory simulation the 
following conclusions have been derived: 
1. From batch studies the quasi-equilibrium between phosphorus in 
solution and soil collected from the Greenview pond can be described best by 
the Freundlich and Linear isotherm for both the accumulated dark colored 
organic sediment and the sandy colored parent soil. The initial concentrations 
varied betwe n 0.93 and 93 mgP/1 and a relative constant concentration was 
r c ed within month The Freundlich isotherms for the accumulated 
sediment s found to be X/M = 0.10 Ce·5426 • The Freundlich isotherm for 
the sandy parent layer as found to be X/M = 0.0301Ce0 ·812815 . The 
accumulat d sed· men ts appear to have a much higher sorption capacity for 
pho p oru t e underJ ing paren soil. 
2. Fro the ba1 ch studies the mass of Phosphorus adsorbed per gram of 
dry s dim n s I ) folio s he rel tionship X/M = KC 0 t 11m suggested by Kuo 
and Lotse 1974) wi h the constants K = .011 and m = 6.67. 
3. The break hrough curve in column studies indicates an average 
phosphorus upt e to be 0.096 mgP/gram of dry sediment. It was. possible to 
approxi at this value from the relationships developed from batch studies. 
4. Mass transfer rates of Phosphorus, mgP/g dry wt. soil-hr was 
developed at various contact times. These mass transfer rates generally decline 
by increasing contact time until they reach constant values at quasi equilibrium 
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dependent on final concentration. The accumulated sediment overall mass 
transfer rates for various final concentrations after 472 and 616 hours described 
by the equation X/M-hr = 0.000166Cc0·471853 • The sandy parent layer mass 
transfer rates descnbed by X/M-hr = 0 000045Ce·323488 Mass transfer equations 
ere used a predict the mass transfer rates at the average pond water 
co cen ations and were compared to pond estimates. 
5 .. The phosphorus concentration in the water column for study ponds 
een 0.0 2 and 0.13 mg/L for orthophosphorus and between 0.015 
and 0.288 for otal phosphorus. A re ationship exists between the 
o ophosphorus ction as follows: { orthophosphorus (mg/l)} = [ 0.45 (total 
pho phorus mg/I) - 0.00 ] 
7. The c umul tion ra of phosphorus (g/yr) for nine of the ten study 
o d d to correlat1e with the average overflow rate (ft/hr) with a 
corr l on coefficient of . 91 66. The predicti e equation for accumulation 
follow d th form Y = 135794.5* - 1. 1667] where Y is g/yr and X is cm/hr. 
8. easured partidute phosphorus in bottom sediments showed a 
general a tenuation with depth and six of the ten study ponds could be described 
by the equa ·,on S = So exp(-k/Vb)*x developed by Charpa (1983). 
The following r comm ndations are provided: 
1. Attempts should be made to evaluate the phosphorus removal 
efficiencesin these ponds by evaluation of mass inputs and mass outputs . These 
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values should be compared to the phosphorus accumulation values detected in 
bottom sediments. 
2. The mass transfer rates as a function of mixing characteristics in 
laboratory batch experiments should investigated. 
3. Column s dies should be run with vanous concentrations to assess 
diffi rences m mass removals due to initial concentrations and compared to 
pr dictiv values from equations from batch studies. 
4. Fur h r s udies should be attempted to verify accumulation rate 
correlations ith o erflo rates. 
APPENDICES 
CALCULATION OF ACCUMUL.ATION RATE{mgP/YR-CM"' 2) 
AND GREENV•EW PONO FLOWAATE FOR. ESTIMATE 
10 1F OVERFLOW RATE 
LOCATION 2 1-2 4 5 6 
SAMPLE CONCENTRATION density de:pth (1-2)•4·•5•'9 
BKRO mgP/g mgP/g 1-n g/cm"3 cm 1mg PJcm .... L 
EXAMPLE 
ORLANOOi 
O.«.- 0 .!507 0.083 0.375 2 .37 31 1.735729 
2 0 .44 .. 0.607 0 .1 83 0.455 2 .45 1 0 .181704 
3 0 ..... 4 0 . 56 0 .012 0.515 2.53 2 Oi.031271 
4 0 .444 0 .451 0.006 D.545 2.53 2 0.016546 
5 0 .444 0.449 0.005 Oi.533 2.55 5 0.033979 
age~ sum of= (1-2)•4•5•5 1.999 
mgPfcm" 2-yr = 1 .999/9 = 0.222 
TAMPA 
, o.oog 0 .3 0.261 0.342 2.27 36 7.291 
2 o.oog 0 .114 0.075 0 .531 2.52. 1 0.1 
3 0 .039 0.099 0 .06 0.59; 2 .6 2 0 .1 87 
4 0 .00$111 0 .066 0.027 0.844 2.61 2 0 .091 
5 003g 0 .48 Q1.Q()g 0 .647 2..62 5 0.076 
7.749 
ge 25 0.3099 
FORT MYERS 
, 0 .03 0 .096 0 .066 0.388 2.38 21 1.28 
2 0 .03 a.on 0.047 0.522 2.6 1 0.064 
3 0 .03 0 .052 0.02.2 0 .592 2 .631 2 10.069 
4 0 .03 0.06 0 .03 D.632 2 .63 2 0.1 
5 0 .031 0 .038 0.008 0 .64S 2 .63 5 0.068 
1.579 
ge5 0.3159 
OCALA 
1 0.218 0 .265 D.047 0 .419 2 .. 39 13 0 .61 2 
2 0 .218 0 .249 0.031 0.582 2 ... 9 1 0.045 
3 0 .218 0 .242 0.024 0 .683 2 .58 2 0 .085 
4 0 .218 0 .24 0.022 0 .676 2.517 2 0.076 
5 0 .218 0 .23 0 .012 0 .666 2.516 5 0.11031 
__Q:!!ll 
•ge6 0.154 
CLEARWATER 
·0 .076 0 .1 14 0.0381 0.367 2.47 20 0.726 
2 0 .076 0.13 0 .054 0.571 2.54 1 0.'078 
3 0.016 0 .077 0 .001 0.609 2.581 2 0 .003 
• 0 .0176 0.095 Q.019 0 .6·1 2.57 2 0.005 
s 0 .076 0 .076 0 0 .614 2.57 5 0 
0.869 
ageQ 0.096 
122 
LOCATIO~/ , 2 1-2 4 5 6 
SAMPLE CONCENTRATION density depth (1-2)*4 *5*6 
BKRD mgP/g mgP/g 1-n 91/cm "3 cm mg1 P/cm "2 
PALM BAY 
1 0.027 0 .374 0 .347 0.367 2A7 10 3,_a,2 
2 0.027 0 .106 0 .079 0.5711 2.54 11 0.115 
3 0.027 0 .027 0 0.609 2.56 2 0 
4 0.027 0.1047 0.02 0.61 2.57 2 0.063 
5 0.027 0.053 0.026 0 .61 4 2.57 5 0.205 
sum 1of (1 ·2)•4•5•5 3,,1699 
age e = mgP /cm ,,,... 2-yr = 0.4624 
ELBOUANE 
0 .153 0 .481 0.328 0.331 2.46 44 11.75 
2 0.153 0 .316 0.163 OAG51 2 .57 1 0.1 '95 
3 0.153 0.312 0 .159 0 .481 2.591 2 0.396 
4 0.153 0.253 0.1 o.So9 2.59 2 0.264 
5 0.153 0.247 0.094 0.577 2.62 5 0.711 
~13.32 
ag 12 1.109 
IA I 
1 0.049 0.418 0.369 0.368 2.61 27 9.57 
2. 0.049 0.196 0. 149 0.56 2.45 1 0.204 
3 0.049 0.16 0.111 0.624 2.5 2 0.3416 
4 0.049 0.119 0.07 0.628 2.53 2 0.222 
5 0.049 0.094 0.045 0.637 2 58 5 0.37 
10.71 
g 25 0.429 
GREENVIEW 
1 0.067 0.632 0.565 0 .455 2 .4 5 3.09 
2 0.067 0.127 0.06 0.619 2.59 1 0.0196 
3 0.067 0.119 0.052 Qi.634 2.59 2 0.171 
4 0.067 0.136 0.069 0.641 2.59 2 0.229 
5 IQ.067 1().078 0.011 0 .656 2.62 5 0.095 
3.66 
age 5 0.735 
NEW SMYRNA 
1 0.361 1.155 0.755 0.43 2.28 8 .2 16.1 
2 0.381 0 .429 0.'029 0.6 2.55 2 0.09 
3 0.381 0.521 0.121 0.6 2.517 2 0.37 
4 0.381 0.628 0.2281 0.61 2_5,5, 5 1.79 
5 0.381 0.405 0.005 0.63 2.59 
8.35 
10~ 411.9 
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FLOWAATE CALCULATION FOR GREENVIEW POND 
calculation of overfl1ow rate based on regression 
of flowrate M and imp area (X) 
y x 
7870 17.35 
13420 28.46 
18057 23.231 
17044 46.31 y= 394.5*x+1943~2 R"" 2 =0.95901 
51501 123.812 
10335 24.88 
1183125 44.34 
6061 15 
3567 7.81 
greenview imp area= .4•19.2 = B.45 thus= 5276.9 ft"" 3/hr 
.337 = POND AREA (ACRE) • ~"1 
[5276.9FT" 3/HA]/.337•43560 OVERFLOW RATE = .as.? FT/HR 
:. lO.ct 4- J...1"' /h ,.-
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